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The value 


of experience in the 


meteorological field 


The accuracy and robustness of Negretti 
and Zambra meteorological instruments are 
the result of many years’ experience and 
close co-operation with the men who 

use them. 

Hence the leadership of Negretti and 
Zambra instruments in the meteorological 
field as in many others. 


NEGRETTI 


The name that means precision all over the world 


Send for publication M/4, post-free on request 


ANEMOMETERS BAROMETERS 
HYGROMETERS RAIN GAUGES 
THERMOMETERS SUNSHINE RECORDERS, ete 


Manufacturers of instruments for the indication, 
recording and controlling of temperature, pressure, 
liquid level, volume, specific gravity, humidity, etc. 
Meteorological and Aircraft Instruments. 


& ZAMBRA 


Agents or subsidiaries in all major countries 

Factories at Barnsbury, London, N.1; Aylesbury, 

Bucks; Chobham, Surrey. Head Office: 122 Regent 
Street, London, W.1. Telephone: REGent 3406 
Branches at: Birmingham, Cardiff, Glasgow, Manchester 
Leeds, Nottingham. 
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A ‘production’ cacuum furnace 
for the smallest laboratory! 


Although designed primarily for research 
PURE MELTING OF REFRACTORY METALS AND into metallurgical problems, this small 
furnace is already being used for the 


ALLOYS - CASTING - SINTERING - ANNEALING production of pure metals for transistors 


and the brazing of industrial diamonds 
HIGH VACUUM BRAZING. With its powerful high vacuum pumping 

y system it is an actual production furnace 
in miniature having a melting capacity of 
$4 Ib (steel) and a temperature range up 
to 1,800 C 


The actual furnace can be detached and 
the system used for general high vacuum 
duties requiring pumping speeds up to 
170 to 200 | sec and an ultimate vacuum 
down to 5 10 ® torr. 


“SPEEDIVAC 


HIGH VACUUM RESEARCH FURNACE 
(CAPACITY § Ib for STEEL) 


NUTRITIONAL 
BIOCHEMICALS 
CORPORATION 
21010 Miles Avenue 
Cleveland 28, Ohio 


Send for our free October, 1960 Catalog 
containing more than 2600 items. Fill 
out coupon and mail today for your copy. 

Name.. 

Organization. 

Address..... 

City... 

State...-.. 
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One of the Laporte plants producing Titanium Oxide 
One of the Laporte plants producing the Raw Materials of Progress 


Laporte Industries Limited London England 
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Potassium Bromide 


the introduction of 
CATALIN IONIC MODELS 
- on the new adjustable base - 


together with 
CATALIN COVALENT MODELS 


provides you with the means of demonstrating 
a range of molecular structures from 
metals to complex organic compounds. 


Deoxryribose 


For brochure giving full information on sets and separate units write to: 


Limitea WALTHAM ABBEY ESSEX Telephone: WALTHAM CROSS 23344 
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YBOARD CALCULATOR 


Large and small businesses and organizations have for years accepted DIEHL shortcut live key 
calculators as leaders in their field. 


Now the completely new DIEHL V range of machines heralds yet another remarkable step forward in 
calculator efficiency. 


Fully automatic selection of the fastest possible way of doing any calculation gives split second answers 
to both simplest and most complex problems—plus these new FEATURES—Automatic Decimal 
Points—Automatic Clearances—Automatic Squaring and Raising to Higher Powers—Optional Storage 
Registers and Back Transfers. 


KEEP UP-TO-DATE BY SEEING s 
THE NEW CLASS V 


RANGE OF CALCULATORS 


ARCHIMEDES-DIEHL MACHINE CO. LTD., CHANDOS HOUSE, BUCKINGHAM GATE, S.W.! 
Telephone : ABBey 2014 


SALES AND SERVICE THROUGHOUT THE COMMONWEALTH 
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There is now a choice 
of 3 interchangeable containers 
with leakproof caps for the 


ATO-MIX 


LABORATORY BLENDER 


STAINLESS STEEL 


Spenser Street, London, S.W.1. 
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“IF THE PROFESSOR WANTS ME, 


I'm round at Pathology looking at 
their new LEITZ LABORLUX” 


People who can pull enough strings to get hold of one of the 
latest Leitz research microscopes are apt to be the object of 
envy. The Leitz Laborlux is a fine example of uncompromising 
technical perfection. In its design, there is ample evidence of 
thought for the research man who will work at it for hour upon 
hour. In its performance, there is more than a broad hint of 
what it takes, in the field of optical manufacture, to build, 
maintain and ever to expand an enviable reputation throughout 
the world. If you would learn more of this superb instrument, 


please write for an illustrated brochure. 


a product 
of thoughtfulness 
and skill 


E. LEITZ (INSTRUMENTS) LTD.. 30 MORTIMER ST., LONDON W.1 


GLASS 


All Glass Requirements for Scientific 
Instrument Manufacturers and 
Research Workers 


@ SHEET & PLATE-GLASS—cut and 
ground to exact dimensions. 


@ LENSES, PRISMS & FLATS—to any 
standard of accuracy. 


@ MIRRORS—back 
surface aluminised, etc. 


silvered and front 


@ BLOOMING of optical components. 


Cc. J. WHILEMS, LTD. 
ILFORD OPTICAL WORKS 
FOREST ROAD, BARKINGSIDE, 
ESSEX 


Telephone ; HAinault 5454-5 
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EPARATION 


18 MINUTES 


LINOLENATE 


OLEATE 


STEARATE 


PALMITOLEATE 


PALMITATE 


< 5S MINUTES 


Vapour 
Fractometer Separation is easily achieved with Perkin-Elmer’s Vapour 
r interchangeable detectors Fractometer - the most versatile and reliable instrument for 
or tee gas chromatography. Four different detectors - thermistor, 
hot- wire, B- ionisation and flame ionisation types - and a mul- 
titude of columns including high efficiency Golay capillary 
columns are available to meet every need, from the separation 
of permanent gases to liquids boiling up to 400°C, from trace 
analysis to preparative scale work. We should be pleased to 
advise on any technique or application and to send you full 
details of this interesting instrument. 


Perkin-Elmer 


ANALYTICAL INSTRUMENTS 


3eaconsfield, Bucks, England + Telephone Beaconsfield 2020 
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| CHECK HUMIDITY AT A GLANCE 
WITH THE 
 DARTON PRECISION HAIR HYGROMETER 


Accuracy + 3% between 30-90% R.H. 


With or without temperature scale. 5 in. 
or 8 in. diam. brass case finished black and 


chrome. 


We also manufacture chart recorders for 


humidity, pressure, and temperature. 


Please send for leaflets : 


| F. DARTON & CO. LTD. 
WATFORD FIELDS, WATFORD 
"Phone Watford 26019. 
All our instruments are available through your usual laboratory supplier. 


POCKET 
Et INTERCHANGER 


“BARB” LEAD-THROUGHS 


SOCKETS TEST SIEVES 
For A ccuracy! 


In a wide variety of 
types and sizes. 


Particulars on 
application. 


‘ENDROCK’ 
TEST sieve 
SHAKER 


TYPICAL CHARACTERISTICS 
TYPE 156 LEAD-THROUGH 
VOLTAGE 3kV working voltage for 
laboratory use 1kV under tropical 

conditions 

CAPACITY Less than .75 mmf. 
TEMPERATURE —S5S5Cto .200C 
RESISTANCE TO PULL in either 
direction 20 pounds — 
CHASSIS THICKNESS, recom- 


mended for | 16 in. 


CHASSIS HOLE. .156 in. diameter. \ y, 


- 

TEST SIEVES 

B.S. 410: 43 U.S. Standards 
and Tyler Equivalents 


55455 


187 


Enquiries invited for other dimensions 1396" § | 
and types. 


= We operate a Recovering Service 


OXLEY DEVELOPMENTS co. 
LTD. saves valuable time of skilled personnel 


ENDECOTTS (FILTERS) LTD. Phone: LiBerty 8121/2/3 
PRIORY PARK, ULVERSTON, NORTH LANCS. | pent. B Lombard Rd., London, S.W.1I9.  Groms: Endfilt, London 
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The control of light—seen and unseen both—is 
the purpose of Chance- Pilkington Optical 
Works, who offer you optical glass and optical 
glass filters of the finest quality. CHANCE-PILKINGTON OPTICAL WORKS 


Pilkington Brothers Limited 
Glascoed Road, St. Asaph, Flintshire 
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Mastery miniature! 


unique two wire 
ElectriK Tel-O-Set 
systems for 
all processes... 
without field 
power Supply... 


without shielded cables 


TRANSMITTER VALVE OPERATOR 


This outstanding Honeywell development offers 
virtually every industry the benefits of 

yntrol using miniature 
instrumentation. ElectriK 
4-20 milliamps D.C. transmission al 
wires that the 42 volt D.C. supply. 


Among the many advantages are 


automatic pr 


Ce@SS 


Tel-O-Set systems us¢ 


ng a pair 


also carry 


two-wire link between field mounted devic« 


and control room saves installation time 


* elimination of external | 
transmitter reduces initial capital outlay 
* DC 


.cuts installa 


transmission eliminates shielding 


tion costs 


Fully integrated ElectriK Tel-O-Set systems can 


be constructed simply from a wide range of units 
to perform any process control function 

up to three-mode control. They repre t 

the greatest advance yet in industrial 


instrumentat 


Honeywell 


Since 18665 


at field mounté 


d 
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WRITE OR SEND THE COUPON TODAY to 
Honeywell Controls Limited, 
Greenford, Middlesex. 


Sales Offices 
in the Uni 


am interested in usi 
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I ess 
ease send me Specification Sheets 
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mpany 
tl yn 
idress 
N 


March 4. 1961 


Waxlow 2333 


O-Set Systems 


ng ElectriK Tel 


in the principal towns and cities 


ted Kingdom and throughout the world 
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a passage to Holland... 


...or it could well have been 


Basle, Capetown, Manchester, 
Melbourne, Uppsala or Trail 
B.C. 
In Universities and Industrial 


Research Laboratories the 


world over the SP 100 Infrared 
Vacuum Spectrophotometer 


is providing a combination of 


high resolution,extreme quan- 


titative accuracy, speed and 


reliability otherwise unobtain- 


f T able in one instrument. 

[ N | ( A NI Write for the comprehensive 

4 4d brochure giving full details of 
this remarkable, versatile and 


Ss P 1 00 powerful spectroscopic tool. 
Infrared Spectrophotometer 


ts the complete answer to the most exacting demands of present day analysis 


UNICAM INSTRUMENTS LIMITED - ARBURY WORKS -. CAMBRIDGE - ENGLAND 
(U.201) 
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CCINNXIN 


ETALS 


We produce high purity 
Antimony, Arsenic, Lead, and Tin 
for use in electronics and other 
industries. In every case the minimum 
purity is 99°999°,, and a certificate of 
analysis accompanies each delivery. 
Enquiries are invited. 


ASSOCIATED LEAD 


MANUFACTURERS LIMITED 


CLEMENTS HOUSE, 14 GRESHAM ST., LONDON, E.C.2 
CRESCENT HOUSE, NEWCASTLE 
LEAD WORKS LANE. CHESTER 


Export enquiries to 
ASSOCIATED LEAD MANUFACTURERS EXPORT CO.,LTD 
CLEMENTS HOUSE, !4 GRESHAM STREET, LONDON, E.C.2 
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| ANALYSIS OF MULTIPLE TIME-SERIES 
M. H. QUENOUILLE 24s net 


COURSE IN MULTIVARIATE ANALYSIS 


M. G. KENDALL 22s net 


FUNDAMENTALS OF STATISTICAL REASONING 
M. H. QUENOUILLE 24s net 


A FIRST COURSE IN SAMPLING 
A. STUART 


CHARACTERISTIC FUNCTIONS 
E. LUKACS 38s net 


AN INTRODUCTION TO INFINITELY MANY 
VARIATES 


E. A. ROBINSON 28s net 


MATHEMATICAL METHODS IN THE THEORY 
OF QUEVEING 


A. Y. KHINTCHINE 32s net 


Send for 16 Page Folder on Statistica! Books 
CHARLES GRIFFIN & COMPANY LIMITED 


Established in 1820 
42 DRURY LANE W.C.2 


LONDON 


PRECISION INSTRUMENTS 


Jamin Refractometer 
for liquids or gases 


Average accuracy in measurement of refractive 
index is approximately 0-00000! for gases and 
0-000002 for liquids. 

The elimination of all spring adjustment to the 
mirrors results in great stability and freedom from 
vibration. Worm wheel gearing actuates the com- 
pensator. Tubes up to 50 cm. length can be used 


Bellingham & Stanley Ltd. 


DEPT. N, 71 HORNSEY RISE, LONDON, N.1I9 
PHONE: ARCHWAY 2270 


Sole distributors in U.K. for Schott 
Monochromatic Interference Filters 
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SCIENCE AND THE HUMANITIES 


ST over a J. oS. Mill, im hus tamons 
« enna on |i rt marked that “the ge neral ter 


lenev of things throughout the world is to render 


edioerity the ascendant power among 


He edded that there os 


not oniv to 


aways a need tor persons 


rhe truths and pout out when 


hat were on truths are true no longer but also 


Commence \ actices, and set the example of 


ore ¢ nilighte ned comduct, and better taste and 


n human life. Al that is still profoundly true to-day, 


nd in faet the advent of the mass media of com 


inication has accentuated the danger of mediocrits 
worse 


rund of Lr 


1959 60 as president of the Carnegie 


hose ould We il have been im the 
Carvl Haskins in writimg his report for 
Imetitution of 
Washington*, which once again gives perciprent 


and the 


scientific diserplimnes with themselves and with the 


imaginative survey of the inter-relations of 


societv in which they are nurtured 


While the 


Vear s report and ce velops further the same lines of 


present report tollows closely on last 


thought then advanced, partic ularly those out 


of consideration of a real or imagined dichotomy 
between the scientific and non-scientific world, such 


Rede 
it is nevertheless fully indepen 


is Sir Charles Snow discussed im his Lecture, 


The 


‘tent. 


Two Cultures 
In her recent life of Lord Lugard, im writing ot 
Lugard, Dr. M ‘Even 


. the exceptional and independent mind can 


Lady Perham observes : 
to-day 
often be traced to some divergence from the usual 
course of schooling which has given both stimulus to 


Although Dr 


be described “as an 


thought and freedom to read at will 
Haskins s 


exposition of this text. it is clear enough that he is 


address can scarcely 
profoundly disturbed at some educational tendencies 


high 


tostermyg 


among his 
the 


to-day, and that he places vers 


presidential responsi bilities that of 
exceptional and independent mind, and giving such 
minds every opportunity to render the contributions 
to scientific and technological advance which they 
alone can make 

Dr. Haskins begins by emphasizing the vistas of 
insight and wonder neoncervable to our foretat hers, 
which we enjoy because of the unparalleled advances 
nm our appres mation and comprehension ot Nature, 
and suggesting that. im consequence, this generation 
may be standing at a major cross-road of history and 
ving in that deep travail which more than once has 
The brilliance 


and variety of man’s concepts to-day, the diversity 


preceeded and ushered in a Golden Age 


of his imagination, the extent of his practical power 
to shape and to use his material environment, perhaps 


even the penetration of his understanding, have 


never been remotely rivalled in all earlier history, 
nor have the dangers ot his \ ery existence seemed as 
ishington. The Report of the President 
Reprinted from Carnegie Institution of 
Washington, D.« Carnegie Institution 


* Carnegie Institution of W 

50-1960, Pp. xili-Ixxiy 
iVaxshington Year Book, 5%.) 

Washington, 1960.) 


vivid, as remote from resolution 


jule We 


is rooted are 


as 


are convinced that the values in which our 


SOCTOTN fundamental to us, vet we are 


constantly haunted by the feelme and the evidence 


that the means by which we have traditionally 


and them im the 


expre past, it 


projected nto the coming years without mnovation 


and tmagimation., will be inadequate to ow’ future 
What is less 
contrast 


the 


radical changes and the 


ous is the challenge that this 


oby 
and Dr. 


mankind, 


Haskins reminds us that 


the 


presents, 
ages of the most 


the 


great ages of 
advances, aves 
that later generations of men called great, were not 
the times of easy optimism when man thought every- 
everything 
the 


thing discovered, evervthing designed, 


finished As Whitehead 


have been unstable ave 


wrote, on the whole 


great ag Greatness and 
vest innovation and untroubled stability, are 


ease, 


mo more compat ible among nations or m @ world 


community than they are among individuals. To-day 
the United States is predominantly a seientific and 
technical nation. living in an age itself characterized 
by the explosive development ot scrence throughout 
the world, and Dr. Haskins asks accordingly whether 
there may not be significant things which the very 
structure of science as a way of life could say in aid 
of the understanding of ourselves, of this age and the 
task of the American nation—of an age and a nation 
profoundly shaped by science at a secular level and 
at a deeper and more spiritual level too. 

That question could well be addressed to Britain 
also, and the answer we give to it should determine 
very largely the answers to be given to many of the 
questions now arising m regard to the expansion of 
university and technological education, of special- 
ization in the sixth forms of schools and elsewhere, 
and of the nature and extent of general education. 
Dr. Haskins develops his theme with imaginative 
insight to show how in the growth of modern science 
the 
sensitively responsive to the moods and needs of men, 
the which 


Everywhere it took its character from 


from time of Leonardo da Vinci it has been 


portraying accurately successive ages 


nourished it 
the CONSpIieuous needs and opportunities of the time, 
those where it Was 


developing greatness im areas 


most needed ; and in turn its spirit was everywhere 


reflected in the soeiety that it served. Surely it is 
not accidental, he argues, that the centuries of the 
flowering of modern science have also been the cen 
the the Western the 


dignity, the uniqueness, and the essential worth of 


turres of rise of concept of 
the individual, or that these wore also the centuries 
of the genesis and ascendency of the modern Nation- 
State as we understand the term to-day. 

While in these four centuries there have been com- 
paratively static or satisfied interludes, the mam 
trends in science have been marked by instability, 


vast shifts in man’s concepts of h’s universe and his 


| 
“4 
wel 
‘ 
i 
| 
ot 
| 
bore 
‘ 
a 
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place in it, and of his own very constitution and 
nature, delight in ideas, or fascination with them 


because of their compelling sweep and foree, and an 


overwhelming urge to communicate them broadly 


and to share widely m them. The ages that have 
is have been characterized, too, 


witnessed these trem 


by the attainment of new levels of physical well- 


being and of the moral and spiritual horizons and 


opportunities of the individual Simultaneously have 


come, both as cause and consequence of these 


developments, demands for innovation im the struc 


of society. reflected im social and political im 
and in rapidly shifting patterns of political 


The more we contemplat 6 


ture 
security 
and social organization 
our own. time, the more it seems to resemble those 
earlier dynamic and critical eras of Western history. 
typically characterized by & keen sense of change 


also by an at mosphere of per 
sonal, political and soe al The ei 
with which developments im the exploration of space 
are watched is only an illustration of the sense of new 
at hand, the ferment of new 


and exploration anc 


imsecurity. 


phys cal frontiers close 
ideas and the vast shifts im the individual's notion of 


the universe and his place m it, of his verv nature, 


that mark our time like those of Leonardo, Columbus, 
Magellan and Vasco de Gama There are the same 


new and violent and little-underst ood demands ot 


political and social organization and the same intense 


need for vigorous and imaginative leadership 
every field 
Dr. Haskins does not omit to pomt out that some 


of the changes with which we are conce red so vastly 
one eod those that occupied other ayes as almost to 


differ im kind. 


mer, 


The magnitude and variety of our 
the 


sources of capacity for essentially m 


stantanoous have, for example, 


foreed a mayor human adjust ment on the West. before 
it would accustom itself to this range and speed of 
communication, and new nations are called to make 


in a world which allows 


the same great orientation 
little tume for major re-adjustments of international 
affairs. Further, new levels of human integration are 


the pressure of population and 


of modern life, and with the control, 


demanded by very 
the 


modulation and 


mtricacy 
organization of the new sources of 
physical power calling for particular attention, an 
order of leadership anil of excellence in every sphere 
than we have yet known is also demanded 

greater 


greater 


a leadership of greater force, knowledge, 


greater understanding, and one more widely dis- 
persed im every level of our BOCcIOLY. 

Hore, in touching on science and leadership, Dr. 
Haskins is concerned, not so much with the leader - 
ship of science itself, as in relation to the position of 
science within the framework of the character, the 
aspirations, and the contemporary needs of a nation, 
particularly the United States. He stresses the value 
placed on individual excellence, the dependence of 
the essential worth of life for the individual in a 
dedication larger than himself, and the way m which 
such total dedication spans the work-day world no 


less than the religious realms. Reasoning thus, the 
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supreme importance which science attaches to the 
individual leads him to regard science as one of the 
spiritual factors in a democracy, closely resembling 
that of 
motivated by an ethie at once basically religious m 


im Own socrety a democracy, deeply 
character and dedicated both to the supremacy of the 
individual and to that spirit of frontier uncomformits 
which is a pronounced end precious element in the 
American tradition. 

Science. then, is one of the most precious spiritual 
and moral, as well as material, values in our society. 
and it serves us to-day in a particularly critical time. 
and nowhere more so than im its emphasis on the 
individual. Originality and independence, individual 
essence ot 


dissent, properly protected, are the very 


our civilization ; and for scrence im its publie function. 
the protection of the individual and his independence, 
the honour of free thought and free expression arul 
the public welcome of dissent are all ital. To-day 

however, they are threatened, not so much by forma! 
Oppression or Suppression, OF organized intolerance, 
by more subtle and insidious factors imattent ron, 
to innovation through misundes 


the 


misunder 


lassitude, hostility 


standing of its nature and _ effect, especially 


threat of widespread, massive 


the 


simple, 
the 
purpose and its indispensable place and part im oul 


standing of nature of scientific way, 1 


practical world and im our deepest philosophy and 
belief. 

At this point Dr. Haskins returns to the analysis 
of the apparent dichotomy of the two eultures on 
which he tour hed m his pres 1oOus Pre sident ial report. 
like Sir Cyril Hinshelwood, he 


common factors that unite all the creative disciplines, 


and, regards the 


be they artistic or humanistic, philosophical or 


scientific, as far deeper and more fundamental than 


the more obvious differences that distinguish them 
Pointing out that in the eerlier days of sciontifi 
effort. before the sheer weight of learning and evidence 
great figures 


the 


forced our modern specialization, many 
the fields, he 
at their most general level, of the 


frequently united two stresses 
essential identity, 
objectives of the arts and of the 
the 
the 


Both professionally excel in 


characteristics and 
Both are primarily concerned with 
itself, and with discerning 


SCrences. 
process of discovery 
beauties of Nature. 
innovation, and take delight in the shapes of things, 
their patterns, lights and shades, and in the un- 
covering of hitherto unperceived relations. Both 
seek to cast their descriptions and discoveries im 
evocative and universal forms, and at a very profound 
both take communicability 
itself and with the 


level of understanding ; 
and coherence, within the subject 
audience, as the ultimate criterion of conceptual or 
of demonstrated truth. Nor is this all. Both take 
their very living being and draw their vitality from 
the joy of discovery, from the attaining of ends 
unknown when the work was begun, through means 
which are indeed partly or wholly unknown, but 
usually of technical difficulty. Both are deeply con- 
underlying likeness between super- 
with the equating of different 


cerned with the 
ficially unlike things ; 
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aspects ol the same phenomena ; with uniting such 


apparently disparate aspects im common matrices ; 
with the generalizations which follow painstakingly 
minute analyses, with anwlogies and their testing 
Typical of all the most creative and imaginative 
pursuits of man, of the life processes themselves, the 
arts and the humanities, quite as much as the natural 
must be truly consonant with our con- 


temporary history ; and as faithfully as they reflect 
them mm riod, sO they are reinforced by the SOCIELICS 
that nourish them. 

There are, of course, important differences bet ween 
the disciplines of the arts and the humanities existing 
at another level, and these too must be fully recog- 
nized and understood. Dr. Haskins’s penetrating 
analysis is particularly valuable here, and he does 
not suggest that it will be easv to heal the rifts that 
have grown between the kingdoms of the humanities 
and the natural sciences, between the bodies of 
thought that they comprehend and the men who are 
their practitioners. That the fundamental similarities, 
the bonds of common purpose and of common tasks 
unite them more strongly and more deeply than 
these differences are plain to see; and they offer 
foundations on which to build, to bridge the gaps of 
understanding and of sy:npathy, to undo the damage 
and eliminate potential dangers that arise. But 
this will not be the easier because the rifts should 
not exist. 

First. Dr. Haskins suggests, im art coherence is 
primarily internal, uniting the parts of one creation. 
In the natural sciences, however, it 18 in a sense 
external, at its best uniting in one theoretically 
eoherent frame the fruits of many thinkers, whose 
work is often extremely disparate in character. 
Again. in art communication and communicability 
extend primarily bet ween the creator of the work 
and his audience, at once his witness and his critic, 
and such communication comes primarily after the 
work itself is finished. In science, on the other hand, 
conuntunieation is at least as active during the pro- 
gress of the work as after its completion, and in a 
very deep sense science 1s fundamentally a com- 
munal activity. Though the steps of innovation lie 
most often with the individual, truth for science more 
than ever before inheres in a composite fabrie of 
evidence and interpretation, derived from a great 
body of communicating investigators exanunng 
Nature from a multitude of points of view. 

Truth in our day, Dr. Haskins maintains, is a 
property of this common fabrie of accepted know- 
ledge shared among all the working scientists in a 
given field, and it is for this reason that the scientific 
community m essence world community, tran- 
scending the boundaries of nations. There is probably 
no close counterpart to this aspect of the scientific 
effort within the arts; but on the other hand, while 
in the arts imagination alone may fix the final limits 
of shared experience, in science, despite the indis- 
pensable assistance given by imagination in discerning 
those limits and in reaching the goals they define, 
the limits themselves are determined by the concrete 
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evidences of vorilication and therefore, ultimately, 
Nevertheless, Dr. Haskins doe 


not omut to point out that this ultimate eriterion ts 


the human 


itself relative, joming the observer and his environ- 
ment ina system from which he can never be isolated. 

From this communal charactoristic of science many 
striking contrasts between its operating modes and 
those of the arts are derived. One is the strong 
tendency to specialize, which isso characteristic of the 
natural sciences to-day. Dr. Haskins recognizes 
that specialization is essential to scientific progress ; 
but he has wise words about the dangers which 
attend the consequent fragmentation of science and 
with the problem ot 
communication in order that the rich opporturuties 


the need to deal adequately 


which are offered by the borderlands of two or mom 
disciplines may be explored and seized. 

In this presidential report, Dr. Haskins thus ranges 
imaginatively and suggestively over a wide field, 
recognizing alike the intellectual and spiritual value 
of science for its own sake, its suggestive affinities 
with and differences from the arts and humanities, 
and its pragmatic importance as the architect of 
yreat material power. His review is notable for the 
dignity as well a3 the range of its thought. In 
Haskins recognizes that it is imperative that we 
understand the nature and the needs of the scientific 
way, and comprehend the dangers that may menace 
it: and his review is commended to the attention ot 
all concerned with the organization of Britain's 
scientific effort or the shaping of her educational 
institutions to meet the needs of to-day and to 
morrow. They will indeed find here no blue-prints 
or prescriptions for policy, but they may gather 
some penetrating insights to the nature and needs of 
our larger society, some vision to inspire the 
leadership needed in a critical period of history the 
challenge of which for the future may well be, 
as Dr. Haskins suggests, without parallel in human 


perience. 


PLANT MORPHOGENESIS 


Plant Morphogenesis 

By Prof. Edmund W. Sinnott. (McGraw-Hill Publi- 
cations in the Botanical Sciences.) Pp. x 4-550 
(New York: McGraw-Hill Book Company, Ince. ; 
London: McGraw-Hill Publishing Company, Ltd., 
1960.) 97s. 

URING the past twenty years, a not inconsid- 
| erable number of books and reports of symposia 
have been concerned with morphogenesis in plants, 
either from some particular point of view or in its 
more general aspects. The subject is in no sense 
new, though at different times it has been described 
by different names. During the nineteenth century, 
Naegeli, Hofmeister, Sachs, Véchting and many others 
were deeply involved in the problems of the inception 
and development of form and structure in plants ; 
and the present century has had some notable 
exponents of the subject, which now has many 
adherents. Yet there is justice in Prof. Sinnott’s 
statement that few, if any, attempts have been made 


" 
| 
tT 
We 
i 


HOS N A T U R E 


to treat the subject as @ whole and that no extensive 
evnthesis of its content has been undertaken. Now, 
after forty years as &@ research worker in this field, 
he has written the book under review assuredly a 
yigantic and formidable undertaking. From the 
outset it is evident that he 1s fully aware that, im 
atte mpting a comprehensive treatment of this large 
subject, he is unlikely to please all his readers and 
that, at every pomt, he lays himself open to the 
criticisms of those with special knowledge of some 
particular aspect Nevertheless, works of synthesis 
must be attempted by those who possess the meces- 
outlook, knowledge and courage, if botanical 


science to retain some seTmoblance of coherence 
For this reason alone, Prof. Simnotts book seems 


likely to have an important impact on botanical 


4 ere 

The author has set about his task by ntrodueing 
some idea of what is involved in morphogenesis, 
rightly ernphasiz ng the importance of the central, 
if emigmatic, concept ot biological organization 
for at every developmental level at which there 1s 
visible expression of organic form there is evidence 
of unity and harmony of development, imdicating 
of co-ordinat ions and other imner 
both genetical and extrinsic 
Part 1 of the book then begins 


the existence 
relationships im which 
factors are involved. 

deration of growth in general, its cellular 
basis, and the histological constitution of apical and 
other meristems. In this section, also, the author has 
i lucidly, though rather briefly, 


with a const 


dealt, adequately an 
with expe rimental studies which have contributed to 
our understanding of the constitution and morpho 
genetic function of apical meristems In view of the 
wealth of interesting illustration of apical meristems, 
contributed by investigators all over the world, 
it seems a pity, espe ally for student re aders, that 
this section is so scantily illustrated 

In Part 2, the author has considered the phenomena 
ot morphogenesis, dealing with such Lopies as cor- 
relation, polarity. symmetry (including the 
phenomena of phyllotaxis), differentiation, re- 
veneration, chimeras and abnormal growth This 
ection, in short, relates to much that has been of 
acute mterest to physiologists and others over Tnany 
decades, but particularly during the more recent 
period For the general botanist, and for the 
student of morphogenesis 1m parti ular, this section 
contains much fascinating and well documented 
information, set forth m a simple and readable 
fashion 

In Part 3, the mumerous and diverse factors in 
a. including light. water 


morphogenes s are cons der 
other physi al factors, 


relationships, temperature, 
general and growth substances in 
particular, and of course, genetical factors. It is im 
this section, where a vast amount of specialized 
information, of very different kinds, has had to be 
considered and compre ese into a relatively small 
number of pages, that the author is probably most 
vulnerable. He has, indeed, undertaken a task 
contemporary output of botan- 


chemical factors m 


which, in view of the 
ical research, 18 more appropriate to @ team than to 
Nevertheless, he has made available 


an individual. 
of many of the factors 


to the reader a general survey 
that are involved in morphogenetic processes, and 
he has constantly rem nded him that these factors 
‘olation: on the contrary, it 18 to 
at many of the distinctive features 
be attributed. 


never work in 
their interaction tl 
of living entities must 
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The final chapter 0: the book deals with organ 
zation, obviously a topic of paramount importance 
in biology, but one on which few botanists have 
attempted to put pen to paper. However elusive 
and enigmatic this concept may be, its importance 
cannot be over-estimated. After all, some attempt 
to understand what constitutes organization 1s 
implicit m the aims and outlook of all those who 
undertake serious imvestigations of morphogenesis 
In this chapter, which is the essence and summation 
of his book, Prof. Sinnott recognizes that several 
morphogenetic omponents’ are of very wide occur 
rence in the plant kingdom and contribute funda 
mentally to the general phenomenon ot organization 
These components— polarity, differential gradient> 
symmetry and spirality are also deseribed as “in 
herent or basic tendencies . Thev seem to be clis 
tinct characteristics and may have different. bases m 
protoplasm. . - - All of them, or their rudiments, 
seem to be present in all plants They provide the 
basic ingredients, so to speak, out ot which the 
developmental norm 1s produced. Just what a 
specific norm will be depends on the imteraction 
between these mbherent protoplasmic traits and two 
other factors: the genetic constitution of the 
individual and the environment in which it develops’ 
The genes, in a particular environme nt. act on these 
protoplasmic traits to produce the specific form of 
the organism. But, as the author poimts out, how 
genes control developmental relationships, and thus 
the production of organic form, is unexplore d 

The author also discusses what gives unity and 
self-regulatory character to an orgarusi, and con 
cludes that ontogenetic unity, and also regenerative 
developments, are not so much due to the unc hanging 
venetic constitution but to the “developmental norm, 
immanent in the organism from the first and often 
reached over different routes”. In brief, the eluci 
dation of self-regulatory, “normative development’ 
is regarded as the central problem im the phenomenon 
of organization. The difficulty of the task is indicated 
by the numerous workers. cited by the author, who 
have ventured into this field of inquiry. A synthesis 
of evidence from many different sources is, of course, 
essential, but what will come out of the attempted 
<vnthesis will, in the author's view, largely depend 
on the attitude and philosophic outlook of the 
investigator. After discussing some of the mor 
interesting and relevant ideas that have been proposed 
to account for biological organization, Prof. Sinnott 
concludes quite simply by saying that, after all, we 
still have no idea of what the underlying physical 
basis really is. But, as is proper to one who has 
undertaken such an onerous task as the present book, 
he is not unhopeful, though he recogmizes that the 
phenomenon of self-regulatory orgamzation may woll 
involve principles as vet red. These 
prove to be distinctively biological and different 
from those at present available from the physical 
sciences—a conclusion which is not unlike that of 
some other contemporary exponents. This is a 
stimulating chapter, and although much of the 
ground that it covers 1s not new, it is, nevertheless, 
individualistic and provocative and is likely to creat 
much new interest and discussion. 

In an extensive work such as this it would be 
surprising if there were not grounds for criticism, ol 
factual detail, emphasis, treatment, and so on 
Some readers will no doubt find the text sormewhat 
thin in places, for example, the treatment of embrvo-. 
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In the present review it is not necessary to 
enter into a discussion of such details. But there 
can be no doubt that Prof. Sinnott has produced an 
important and impressive book, which 
likely to stimulate and hold its place in university 
teaching and research for many years to come. 


C. W. 
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MODERN ARMAMENTARIUM OF 
THERAPEUTICS 


Medicinal C' emistry 

Edited by Prof. Alfred Burger edition 
Pp. xin +1243 (New York: Interscience Publishers, 
London: Interscience Publishers, Ltd., 1960.) 


sew ond 


Ine. ; 

[ is the usual procedure that second editions of 
books versions of the 
original opus, with certain parts brought up to date. 
Prof. Alfred Burge r must have faced ah difficult 
decision when changing his role from that of sole 
author of the first edition to that of editor-in-chief 
and part author of the new volume, at the same time 
re-organizing With due regard to his 
achievement as represented by the older version, it 
was he has 
around him an impressive list of contributors, holding 


successful are corrected 


its contents. 


decision—because assembled 
industrial as well as academic or Government 
tions. but still reserving for himself the lion’s share. 
The choice of one instead of two volumes is perhaps 
fortunate as the weight of the present 
prevents one from reading certain chapters with leisure 


posi- 


tome 


less 
after working hours. It is also a matter for slight 
criticism that he selected an all-American team, which, 
in spite of the high standing of the individual scien 
somewhat the threads of inter 
closely interwoven with 


tists, diminishes 


national connexions so 
research. 

mean that the writers on various 
chemistry (which, Burger 


with pharmaceutical 


suecessful 

That does not 
aspects of medicinal 
can be equated 


as 
points out, 
chemistry and represents one very important chapter 
of applied organic chemistry plus pharmacology, 
experimental pathology and microbiology, et. ) have 
neglected results not originating with efforts in the 
United States. But with the best of intentions 
for fair play, a certain ‘parochial’ note creeps in 
sometimes, the reference to proprietary to 
major illnesses and pharmaceutical sales, to choli 
nergic instead of parasympat homimet ics and to 
adrenergic instead of sympathomimetie drugs (Dale 
clearly reserved the ‘cholinergic’ and 
adrenergic for structures and nerves of the autonomic 
svstem). It should be said that only a very close 
study of the book discloses these relatively unimpor- 
tant shortcomings ; the overall impression is favour- 
able, with the consequence that this volume will 
acquire many friends in many countries. 

If a few suggestions for the third edition may be 
added, these are examples : an overall division into 
symptomatic, etiotropic (chemotherapeutic) remedies 
and drugs for restitutional therapy could have been 
given as a table and used as chapter-grouping ; the 
table (2-11) has a few omissions, for 
Kennaway’s name against experimental 
Todd’s name against thiamine 
mechanism of central nervous 
ignores MclIlwain’s most vital 


names, 


eX pressions 


historical 
example, 
carcinogenesis and 
synthesis ; action 
system depressors 
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contributions, and the difference between curare 
and curareform drugs and the methonium compounds 
is not sufficiently brought out ; it is also a pity that 
little is said about the cannabinols mentioned only 
under ‘“Analeptics’’, and very briefly under ‘Drugs 
for Hyperkinetic Disorders’, although the synthetic 
derivatives represent an imteresting and early “group 
(formula 23-N 
Finally 

subject 


of psychopharmacological agents 
and the name ‘cannabadiol incorrect ). 
an alphabetical list of after the 


index would have helped enormously if looking for 


are 


authors 


specific references, 

As said in my review of the first edition (Research 
4, 438; 1951) it is easy a very diffi 
eult task to write, such a book, and I should ada 
even more so to edit the new version with its many, 
improvements and attractive features 


to criticize, but 


F. BERGE! 


BIRDS AND MEN IN BORNEO 
The Birds of Borneo 


By Bertram E. Smythies. With special chapters 
by Tom Harrisson, Lord Medway, and J.D. Freeman 
Pp. xvi+562 +99 plates. (Edinburgh and London 

Oliver and Boyd, Ltd., 1960.) $48. net. 


6 pe is @ very unusual bird book. The main 
body of the work (#bout 460 pages) consists of 
a detailed systematic account of all the 549 species 
of birds that have found in Borneo. It is 
written with the competence and thoroughness that 
distinguishes the author's previous volume on the birds 


been 


of Burma. The articles dealing with the regular 
members of the fauna give the world distribution 
and Bornean status of each species, an adequate 


description, and discuss the habits, voice, food, and 
nest and eggs; the irregular visitors and casuals 
are treated more briefly. Appendixes contain the 
history of Bornean ornithology, an exhaustive biblio 
graphy, indexes of place-names, and of Malay and 
Iban names; and there is a large folding topo- 
graphical sketch-map of Borneo. The illustrations 
which are of very high quality, consist of 29 photo 
graphic plates and 50 plates in colour depicting 434 
species from drawings by Commander A. M. Hughes 

But it is the hundred pages that precede this 
excellent treatise that put this book in a class apart. 
The first three chapters comprise an introduction, a 
topographical dese: iption of Borneo, with a discussion 
of the varied habitats that the island provides, and 
an account of bird migration in Borneo. These are 
followed by four chapters of ornitho-anthropology 
by Mr. Tom Harrisson, Lord Medway, and Dr. J. D 
Freeman which are of the greatest interest. Harrisson 
“There is probably no other part of the world 
where birds and men are more intimately mixed 
than in Borneo”, and goes on to discuss ‘““Man \ 
Bird v. Man’’, *“Man-Bird double-thinking”’ and many 
other matters, from Borneo’s wild men and their 
bird values to hornbill ivory (more precious than 
jade), feather jewellery, and birds and the human 
stomach. This chapter overflows with information 
and ideas, and though it would gain in clarity with 
fewer parentheses it would lose much of its charac 
style. Lord Medway’s chapter 
fascinating account of the cave swiftlets, the 
saliva-built of which are the edible birds’ 
nests of commerce, and which echo-navigate in the 
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darkness of the caves where millions congregate to 
breed. Harrisson remarks that Governments “by 
ome complicated z00-geology, claim the guano as a 
mineral and allow extraction (for fertilizer) undet 
Hcence Thus what comes out ot the swiftlets 


mouth as spit is succinctly dissociated from what 
comes out of the other end The chapters DYN 
Dr. Freeman cover Iban augury, “the interpretation 
of divine revelation as it 1s believed to be manife sted 
n the behaviour of certain sacred birds’, and the 
hornbill ritual of the Iban of Sarawak. The first 
part of the book llustrated with 19 plates, two ot 
them im colour 
The publishers are to be congratulated on the 
<cellent standard of production, worthy of this 
addition to ornithological literature. 
L. Harrison MATTHEWS 


VEGETATION AND FOREST TREES 
OF GHANA 


Synecology and Silviculture in Ghana 

By Dr. Charles J. Taylor. Pp. xi+418-}-120 plates 
Edinburgh and London Thomas Nelson and 
Sons, Ltd., 1960. Published on behalf of The 
University College of Chana.) 100s, net. 


FESHE title of this book is unfortunate, despit: 
| its euphony, because to many potential readers 
it will suggest something penetrating far deeper 
nto ecological phenomena and sylvicultural practice 
than was ever intended, and so leave them unjusti 
tiably disappointed. The book consists chiefly of descrip 
tions and notes on about 160 economically or 
ecologically important tree-species of the Ghana 
rain forest. About half the letterpress devoted to 
each species describes its visible features: the 
remainder, its habitat, distribution, phenology, 
snd, where appropriate, its sylvicultural behaviour 
wv treatment, and its seed and seedling. The de 
scriptions are aided by numerous photographs and 
drawings which doubtless account for the high cost 
of the book. The line drawings are less finished 
than many which have been published, but most 


* them are adequate. It is a pity that some of the 
drawings of seedlings are the least satisfactory (for 
example, Gluarea edrata, Pteryy la macrocar pa), 


for it is sometimes unpossible to tell from them 
what shape the cotyledons are, and in particular 
whether they are thin or fleshy. The photographs 
form a very useful collection, and represent an 
amount of work which only those with experience 
of photography in rain forest will appreciate. 

This systematic part, which forms about three 
quarters of the whole, is prefaced by a brief outline 
of the history, topography, soils, climate and vege 
tation of Ghana, excellent in its way, but somewhat 
disjointed and with little relevance to what follows. 
This general matter will be useful—but doubtfully 
worth £5—to students of geography or botany. 
Dr. Taylor writes with generally commendable 
simplicity, though occasionally his language becomes 
a little too simple for accuracy, and some ecological 
terms (for example, plagiosere), are used _ in- 
correctly. 

The style and content of the book show that it is 
intended for use chiefly in Ghana. Here the book 
will undoubtedly be an invaluable companion to 
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ecologists and foresters ; elsewhere in the West 
African rain forest it will be useful chiefly for its 
aeseriptions of ‘slash’ and other field characters, 
and of seedlings. Although it is not a flora, one of 
its principal uses will undoubtedly be for naming 
trees, for which it could be greatly improved by (a 
referring in the text to the plates, (4) by stressing 
for example, by italies) the most useful diagnost 
characters. and (c) by adding some kind of key o1 
summary-table which would help the beginner in 
knowing which family to consult 

The book is well produced and contains very 
few rnisprints W. Jones 


THE CONVOLUTION TRANSFORM 


Operational Calculus 

By Prof. Jan Mikusinski. (Internationel Series o! 
Monographs on Pure and Applied Mathematics, 
Vol. 8.) Pp. 495. (London and New York 
Pergamon Press ; Warszawa: Panstwowe Wydawn 
ictwo Naukowe, 1959.) 100s. net. 


ry HERE are many ways of developing the trans 
| form calculus, all more or less formally equivalent . 
Mikusiiski’s starting point is somewhat uncommon 
the convolution of two funetions a(t)./(t) is 


fac u) du 


which he writes as ab. Since 
ab -+ ac alh--c), ab bet, (ah) alhe) 


while ah is not identically zero unless a(t) or h(t) is 
identically zero (Titchmarsh’s theorem), we have an 
algebraic structure which is similar to Volterra’s 
algebra of composition, and a formulation which is 
equivalent to Heaviside’s ‘algebrization’ of fune 
tional operations. There are some differences, for 
convolutions exist over the class of continuous 
functions, whereas the existence of the Laplace 
transform requires an order condition. There is 
also an early difficulty, for if a and 6 are constants, 
does a> mean their arithmetic product or their 
convolution abt? Volterra used a special notation 
a*b*, while Mikusinski gets over the ambiguity by 
distinguishing the functional form {f()}} from the 
functional value /(t); onee one gets used to this. 
the calculus is simple and effective, though the reader 
will find it necessary at a later page to pay special 
attention to the introduction of operational functions. 
There are plenty of applications, to electrie cir 
cuits, statics of beams, vibrations, the heat and cabk 
equations, and a good supply of exercises. Those 
who know the earlier Polish, Russian or German 
versions will appreciate the appendix of a hundre« 
pages in the English edition, for this not only carries 
certain applications further, and provides on the 
theoretical side a link with Banach spaces, but, even 
more usefully, adds details to complete certain proofs 
which are only sketched in the main text. While 
perhaps the young student should stick to one line 
of approach to the operational calculus, his teacher 
should select such a line for him from a knowledge 
of alternatives ; Mikusiriski’s book provides a ver, 
pleasant account, worth studying for its own sake 
and for comparison with more familiar formulations 
of this calculus. T. A. A. Broappent 
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BETTER OPPORTUNITIES IN TECHNICAL 


NATURE 


EDUCATION 


By Dr. P. F. R. VENABLES 


Principal, College of Advanced Technology, Birm ngham 


PISHE second White Paper, with this encouragmg 
I title, was published in January”™, ne arly five 
vears after the first White Paper on Technical 
Education. Much has happened in this interverung 
period, both m implementing the first and im determ 
ining the character of the second White Paper, and 
they must perforce be considered together 

The policy of the first White Paper was to estab 
lish a new four-tier structure m technical education, 
of local and area then regional 
and, at the apex, the colleges of advanced technology. 
which were to be the ma: means of produr ing the 
much needed technologists The White 
Paper directly affects the work and development of 
levels of colleges because it contams 


»] leges 


colleges, 


second 


the first three 
proposals for a major reconstruction of the 
of courses for technicians, craftsmen and operatives 
provided by them. Of the factors which have 
prompted these proposals, three have been dominant 

The first is the need to supply more technical educa- 
tion for the greatly increased number of young 
people soon coming mto employment ; secondly, the 
need to smooth the transition from school to colle 
and thirdly, the need to reduce greatly the wastage 


system 


fe 


nm part-time courses made evident by the Crowther 
The question 1s whether the proposals, and 


Report 
the means to implement them, 
the times 


are commensurate 


vith the needs of 
The main proposals are 
1) Students should start at a technical 
leaving school Preliminary 
tes should be discontinued 


summarized as follows 
college 
mmediat ely atter 
courses in everung uistitu 
2) More care should be 


Colleges 


taken in the selection of 
should 
COUTSES and with tutorials 
National Cert! 
students aiming to 
Tech 


particular 


students tor courses expermment 
with full-time inductios 

3) The 
ticate and Diploma courses for 
high-grack 
specifically tor 


courses will include 


Decome at least technicians ; 
nician courses devised 
industries; (¢c) Craft courses ; Courses for 


operat 1Ves 


(4) Ordinary National Certificate courses will last 
"The standards of entry 
msaisting on 


Ordinary 


two, instead of three, vear: 
will be raised either by 
Certificate of Edueation 
or by passing the ses examinations of the 
new general courses Which will be introduced. ‘These 
lead also to technician courses. 
modified m various 


four General 
Level) subj cts, 


sional 


yeneral courses may 

(5) Craft will be 
ways, for example, by broadening their content, 
and in replacing City and Guilds Intermediate by 
and courses for operatives should 


COUTSES 


Craft Certificates ; 
be \ igorously developed. 

(6) More time should be provided under day- 
release schemes by extending the session to the 
county college year of 330 hr. per amnim, as specified 


* Better Opportunities in Technical Education Pp. 24. 
1254.) (London: H.M.S.O, 1961.) 18. 3d. net 


in the 1944 Edueation Act, the gam wi tine 
should be spent on general educatior No student 
should have to rely wholly on evening study 


(7) Sandwich courses (especially for technicians 


and block-release courses should be mer 
developed 

The proposals im lude no novelties 
at least forty vears old, sandwich courses 
old. the county colleg 


thouyvh h tewer ¢ 


are 


nearly sixty veal idea more 


than forty vears old, ourses 
for operatives and block-rel as« 
recent in origin. The White Paper, therefore, 1s to 
be regarded as extending the application of well 
support given 


courses are more 


established idea and increasimg the 
to them, especially from industry 
the White Paper gives too optimustic an IMMpressiol 
“About half a million students are 
present, and the Govern 
im their mumber 

pos 


while the 


In its 


in stating that 


attending the courses at 
ment look forward to a big increase 
realistic judging the 
and future tasks is to compare ty 
daly -release 
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basis for present 
facts: 
courses increased 


the numbers of 


numbers im 
tenfold from 1938 39 to 
students of Co College 
about 17 per cent of the total age 
short, 


part-time 


age still only reach 
group (15, 16, 17 


after a ten-fold 


unity 


years) in employment In 
expansion Over sO long a time, we still have about si 
basis’ to imeluc 
colleges: and by no 
affected by th 


xX 


times as far to go ‘on a voluntary 
all who should im 
means all the 7 per cent 
White Paper 

Significant though they are m 
s of the part-time route, the proposals should 
allowed to obscure the far greate 
would the whole age 
recommendations of the Crov the 
both raising the school 
ing Co The 


“In a svstem of voluntan 


county 
will be 


ynitigatimne the 


rigour 
therefore, not be 
that 


were the 


advantages accrue to 
Repor mplemented of 

and establish 
White Paper admits that 

part-time COUPSCS there are 
lone With more candour, it 
before ‘limits’, for the 
retin, 


colle pre 


limits to what can lve 


would have inserted 


the word ‘severe awkward 


unpalatabl problem namely, those «cd 
cribed by the ¢ rowther Report as The Need for 
Time” and . The Need for Breadth The 
limits apply both to the content of the courses 
the support they are likely to attract from industry, 
56.000 manu 


and to 


especially among the 73-5 per cent of 
facturing firms each of which has less than a hundred 
employees 

The White Paper can, of course, 
yeneral pattern within which the many 
responsible for the actual planning and provision of 
courses must do their Many hundreds of 
existing courses will need to be modified, and many 
new ones developed, especially for technicians and 
operatives. ‘This essential task is being tackled with 
. commendable sense of urgency by the City and 


only suggest a 
bodies 


work 


ae 
Pay 
. 


CGaulds of London Institute, the Regional Examining 
Unions, the Joint Committees and so on, and there 
s little doubt that these long-standing partnerships 
in technical education will achieve what is possible 
within the limited time-tables set by the proposals 

It s diffieult to be sangiiine as to whether the 
other means required are commensurate with the 
decade The first White 
Paper gladdened the hearts of those engaged in 
technical education by definitely allocating £97 
million for the OXPansion it envisaged, and another 
£45 million were added in 1959, whereas no estimate 
of additional cost is given in the second White Paper. 
It might well be argued that the original target of 
loubling the then day-release figure of 330,000 by 
the mid 1960's is allowed for, or nearly so, in the 
Prolding programme cove red by the ftoregoimg sums. 
Perhaps it is for this reason that the White Paper 
“relatively 
education 


needs of the next 


OXpresses the opimon on the cost that 
to the total expenditure on technical 
this should be small and this despite the fact 
that the number of teachers engaged in technical 
education is likely at least to double in the next 
ten vears without any effects of this White Paper 


being taken into account Furthermore, the White 


FESHE first meeting of the Biochemical Club was 
| held at University College. London, on March 4. 
1911 After the Club had acquired The Biochemical 
Journal in 1913 it changed its name to the Bio 
chemical Society This week, therefore, sees the 
fiftieth anniversary of the foundation of a Society 
nstituted solely for the advancement of the science 
of biochemistry. We are glad to have the opportunity 
o survey, briefly, the past history of the Society 


wud to look to the future 


Early Days 


On reading the H7sto of the Society, prepared 
by R. H. A. Plimmer in 1949, one is conscious of 
the fact that, although the Society has grown 
enormously, its character has altered very little 
It was from the start decided that the practice of 
the Physiological Society should be adopted and 
that the Society should meet at various laboratories 
During the first year, eight meetings were held, 
and by the time of the first annual general meeting 
there were 132 members. The next vear was taken 
ip with the negotiations for the purchase of the 
Journal from Benjamin Moore, the first professor 
of biochemistry in Great Britain, who had founded 
t in 1906. A poll of the members in 1912 resulted in 
the decision to make membership involve compulsory 
subscription to the Journal, and so the subscription 
was raised from 10s. 67. to 25s. per annum. The 
Cambridge University Press has been responsible 
for printing and publishing the Journal since 
1913. 
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Paper envisages a big increase in half a million 
students, but should this merely be up to the original 
660,000, especially when attendance at evening 
institute courses is to be discontinued and block 
release and sandwich courses are to be increased 
In the latter types of courses, two students will 
use the space (and teaching strength) of five part 
time day students with consequent increase in 
expenditure. The effect will be even greater in pro 
viding workshops in block-release and sandwich 
courses with a high proportion of practical work 
In view of the sentence about expenditure quoted 
above, a sceptic, knowing the rearguard actions 
fought in the history of technical education, might 
justifiably conclude that the effect of the White 
Paper will prove to be no more than a desirable 
reduction of the rigours of an outmoded part-time 
route, supplemented by some sandwich courses, 
rather than the rapid replacement of it up to 1s 
vears of age by technical education in full-time 
and sandwich courses. If the latter were strongly 
pressed forward with really adequate means instead 
of just bringing the past up to date, then a notable 
advance to meet the rising demands of the next 
decade would be achieved 


In the first few years the Society made a small 
profit, but after the First World War the cost ot 
publication rose and grants were received from the 
Royal Society and other sources, At this stage the 
subscription was raised, first to 35s. and then to 42s 
It was many years later, in 1953, that the last change 
was made to 70s. The present sound financial state 
of the Society, which does not depend on any form 
of subsidy, is due in the first place to J. A. Gardner. 
who served as honorary treasurer during I913 453 


Personalities within the Society 


The early years of the Society were marked by long 
periods of devoted service on the part of its officers 
Such extended service would not be possible to-day 
beeause of the size of the Society, which now finds 
it necessary to rent offices and to employ a profes 
sional staff to organize its affairs. These are only 
very recent developments, and for the first fort, 
years of its existence the only premises the Society 
could be said to have were the offices and laboratories 
of its honorary officers. J. A. Gardner's long servic: 
as treasurer was matched by A. Harden’s editorshi}> 
of the Society's Journal during 1913-37. 

The first chairman of the Society's committer 
was F. Gowland Hopkins, and his services to bio 
chemistry were commemorated by the Society in 
1958 by the endowment of the Sir Frederick Gowland 
Hopkins Memorial Lecture. The third of these 
lectures will be given by Sir Hans Krebs at the 
toyal Institution on March 28. The Society also 
shows its gratitude for outstanding service by the 
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eleetion of honorary members, and those so elected 
have been W. D. Halliburton (1923), A. Harden 
(1938), Sir Frederick Gowland Hopkins and R. H. A. 
Plimmer (1943), Sir Charles Martin (1951), Sir Henry 
Dale (1958) and Sir Rudolph Peters (1959). 


Membership 


Membership of the Society is open to all those who 
are interested in biochemistry. and is not confined 
to those who reside in the United Kingdom. In 
fact, more than 30 per cent of the present members 
live The total membership passed the 
1,000 mark in 1944, and at the present figure of 
3.000 has doubled in the past ten years. This means 
that the Society is the largest of its kind in the 


world 


overseas 


Role in International Biochemistry 


the Society’s membership ts world-wide, 
is natural that it should be interested in inter 
national relations 1948, 
the Society sent out an inquiry concerning the desu 
holding an international 
biochemistry The response was so favourable that 
the Society took the initiative and organized the 
first International Congress of Biochemistry, held in 
Cambridge in August 1949 At this time there was 
no international union of biochemistry, and the 
first Congress had the backing of the International 
Union of Chemistry. In this vear (1961), when we 
look forward to attending the fifth of these congresses, 
to be held in Moscow in August, it is with pleasure 
the of those who worked 
hard for the first congress. 
After the first 
offerts were made to found an International Union 
the International 
Unions. These efforts were 
successful in August 1955. 
large international 
there is also a case for holding 
meetings on a more limited seale. The 
which the holds with its 
sister societies in Europe come into this eategorv 


since 


among biochemists. In 


ability of congress ot 


that we reeall Initiative 


success of the congress, strenuous 


of Biochemistry reeognized by 
Council of Scientific 
eventually 

Although 


much 


these CONZTESSOCS 


have merit, 
smaller 
jomt meetings Society 
It has now become the custom to hold one of these 
meetings during the years when there is no inter 
national Through meetings, 
chemists in Great Britain are able to make personal 
those in Europe For our part, we 
a special invitation to European biochemists 


congress these bio 


contacts with 


otter 
to attend the summer meeting of the Soeiety which 


is held each vear, either in Oxford or in Cambridge. 


Meetings 


The policy of holding meetings for the presentation 
ef original contributions has changed very little 
sinee the early days of the Society A member has 
the right, and is indeed encouraged, to present the 
results of his work before a meeting of ot her members 
of the Society. This is an important aspect of the 
work of the Society, and last year 260 papers were 
presented in this way. It is also useful, however, 
occasionally to discuss some particular aspect of the 
subject at greater length, and it was with this in 
mind that a series of symposia were initiated in 
1947, the proceedings of which are published. So 
far twenty of these symposia have been held. 


URE 703 
In addition to the two types of meeting already 
described, colloquia are held at which work on a 
particular research project 1s discussed. This type 
of meeting is normally held in conjunction with an 
ordinary meeting of the Society. and serves to direct 
attention to the work of the department being 
visited. The number of scientific meetings of all 
types reaches 404 at the fiftieth anniversary meeting 


Publications , 


One of the important activities of the 
Society is the publication of 7 he Biochemical Journal, 
in which are to be found many papers now regarded 
as classical landmarks in the development of the 
Prof. Moore founded hus Journal in 19068, 
because of hus that should be 
published as sibmitted without eriticism or editorial 
suggestions. Much of his reluctance in parting with the 
Journal to the Society was due to his fear that this 
poles would be changed by the Society, and it cannot 
In fact, 


most 


subject. 


desire contributions 


be denied that his fears were well foundod 
ever since the acquisition of the Journal in 1913 the 
editorial policy has been strict This poles has 
helped to establish a tradition of care and proficiencs 
in biochemical laboratories 

Within the high standard set for 
of papers for the Journal, the policy ot the Societs 
is for the Journal to publish all papers submitted 
for publication which come within the subject of 
biochemistry. Authors do not have to be members 
of the Society. With the expansion of the subject 
this policy has led to an enlargement of the Journal, 
so that while in 1950 1.279 pages were published, 
the corresponding figures for 1955 and 1960 were 
The circulation 


the acceptance 


2,112 and 2,510 pages respectively. 
has also expanded, and there are to-day more than 
three thousand are 
This means that the Journal probably has a large 
total circulation than any other journal devoted 


subscribers who not members 


entirely to biochemistry. 

During 1957 the committee of the Society carefully 
considered whether the should expand its 
publishing activities. As a result of these discussions, 
it was decided that clinical biochemistry was not 
adequately covered, and the eventually 
became the joint owners With the Medical Research 
Society of Clinical This journal is now 
published by the Cambridge University Press, and 
part in the 
Britain and 


soerety 


Society 
Scvence 
mecreasinw 


we look to its playing an 


work of elinical bioche:nists Great 


overseas. 


The Future 


In considering the future it seems likely that the 
activities of the Society will expand most in directions 
which are concerned with the status of the subject 
in the universities. If biochemical research is to 
flourish in Britain, not only shall we need to attract 
the best students to the departments which now 
have a first-degree course in biochemistry, but also 
more departments must be created, both for teaching 
and research. Last vear a booklet was published 
on Careers in Biochemistry, its aim being to provide 
full information on training, opportunities and 
prospects, for the benefit of potential students 
and their advisers. A series of discussions is being 
held on various aspects of the subject. For example. 
at a joint meeting with the British Association, in 
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Was he ld on The 
Research in Bio- 
Britain” 
been 


Septen ber 1960, a 
Organization and Financing of 
chemistry and Allied 
The proceedings of this 
published by the Society 
it is planned to discuss the 
biochemistry to undergradua 

Mention has alreadv heen made of 
changes in the administration of the 
affairs, largely a of the rapid growth 
of its membership and of the Jou in the past 
ten years. The Soe healthy financial state has 
enabled these changes to take place smoothly. even 
to the renting of premises at the very high charges 
Not all the necessary 
change can, howe Ver, he 
of the audiences at the Society 8 symposia, held in 
London, makes it in possible any longer to hold these 
institutions which for long have acted as 


(rreat 
discussion have 
Later this year, at Oxford, 
problems of teaching 


Scremces in 
now 


tes 
the recent 

society 
consequence 


neal 


pore vailing in central London 


be made so easily SIZt 


nh many 
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hosts. It is obvious that bioche nustry ms a period 


of rapid expansion the limit of which is not yet set 
and problems of accommodation will become in 
creasingly acute. This is part of a wider problem, 
and the need to take action was realized after the: 
War, witha proposal by the Government 
a Science Centre from which learned soeetr eould 
their affairs, informat and 
conduct meetings. Unhappily the proposal neve! 
fruit but its fulfilment of the 
boldest moves in advancing science im Great Britan 
The main hope for the future be that. im 
spite of the expanding activities of the Society, i 
will be able to remain reasonably informal so that 
there can be a ready exchange of ideas, both seientiti 
By this means it is hoped that 
will continue to play its 


to establish 


organize centralize ion, 


bore would be one 


must 


and administrative. 
the Society 
part 
new and exciting scrence 


siochemical 


in the development of a still 


comypwarat 


GENE EVOLUTION AND THE HAMOGLOBINS 


By Prot. VERNON M. INGRAM 


Division of Biochemistry, Department of Biology, Massachusetts Institute of Technology, 
Cambridge, Mass 


r | SHE four types of polypeptide chaim which go to 

make up the iles of the three normal 
human hamoglobins are believed to be controlled by 
following article is an 


molec 


if independent genes! The 


attempt to diseuss the chemical and genetic relation- 


hip between these chains from an evolutionary point 
much 


of view; to a lesser extent, because less 18 
hemoglobins of other vertebrates will 

» be mentioned It should be emphasized that the 
purpose of this the 


onarv scheme to be propo ed, 1s to provide a basis 


ma discussion, and of evolu 
for the diseussion of the evolution of genes in gene ral 
Questions are 
be answered soon by the 


which is 


nd hemoglobin gen n particular 


sod which will, in part, 


mical work on ve rtebrate hwmoglobins 


proc ecding var,ous laboratories Ce, for 


, ret. 
tudy of the 


chemistry of the human haemo 


lobins has alread 


to he expected from gene mutations 


phenot ypu eTtects 
cle amino-acid sub 


n thie 10 in 
t of abnormal hwmo 


for exan ple, 


es in protein structure 


ection are assumed te 


From ie evolut and the practical pomt 


ionly occur 


onvemuent o study 
such as han ( glol in found im 
Hemoglobin ssible 


iulso sure to have played an 


View it 
rng which is 


all vertebrates 


in 
only 


not 


tor che ical study 
mportant part im vertebrate evolution, because of 
its vital physiological funetion as the carrier of 
oxvpen 
Most of the discussion which 

the chemical findings in the human hemo 
they are by far the studied of 
However, the basic similar 
man’s hemo 


and 


follows will centre 


around 
globins, 
vertebrate hemoglobins 
structure 

other 


since best 


chemical between 


and those of 


ities 


globins mammals 


prov ded evidence of the kind of 


lower 


known vertebrate 
and the 
pattern 


striking All 
those ot the 
the 
poly pepot icte 


vertebrates are very 


lamupres 


hemoglobins-—-except 


hagtish—are built on samme molecular 


they consist of tour chains 


17.000 molecular weight. with 
Che hemoglobin of the lamprey is peculiar im consist 


one hem at 
ing of a single polypeptide chain of molecular weight 


The 


possibly a dimer of 


hasnoglobin 


34.000 molect 


17.000, hagtish appears 
or 
weight® 
The }™ tide 
two different 
hamoglobin 


chains in the other vertebrates are 
types; for example, human 
so-called 


is usually mterac 


adult 
consists of two z-chains and 
two 8-chains. There 
the four hem groups in their react 
other plot of the de 
oxvgenation of the . 
the partial pressure of oxvgen 1s 
This fact 
efficiency of the hemoglobin molecule 


favours let 


tion bet ween 
on with molecular 
words, a rree oft 


oxygen; in 
hemoglobin molecule 


aipra 


enhances enormously 


since it compiete satur 
mn in the lungs and complete dischi 
This great } 
vertebrate haemoglobin 

idving that aspect of the evoluti 

med 


simularit 


comes: detailed 


protem moleeule which is 
development of an already well-d molecul It 
is true that the haemoglobin q adruples 
we include the lamprey 
the 


units 


1 during 
hemo 


gation 


evolution (if 
globin), but the change 
of four fairly similar 
chains), rather than to an 
a molecule. In the 
it is suggested that th: 


this 
agyre 
(peptide 
lengthening ot 
scheme to be 


is due to 
sul 


actual 


protem 


evolutionary 


cliscussed increase im com 


plexity, and in diversity, of the ha moglobins is an 
gene evol 
imber 


illustration of a more general process of 
ution which results in an increase of the n 


of genes. 


im 
ti 
erie 
now 
hie 
+} 
m with 
rove in the 
titution nm the = 
VA 
that the forces of nat 
a 
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Human Hemoglobins 


The followimg strkmg situation is found in the 
homan heemoglobins 

(1) The three normal human haimoglobins all 
possess a common which may be 
“written formulation indicates that this 


half-molecule unit is composed of twonormal x peptide 
chams as first deseribed for normal adult hamoglobin 
i However, the half of the three 
hwmoglobins consists of different 


other each ot 
vpes ot peptide 
All 
four chains are of roughly equal size with a chain 
17.000 These three 
formulated as follows 


t 
chain, 8, y or 3. one type for each hemoglobin. 


Olecular weight of about 


leemoglobins may be 


Adult he i 
bietal pen ‘ 
Kunkel’s min hemoglobin A, 1,46,4 
This list may have to be extended as the study of 
other minor ha moglobins continues 
| postulate’! that four genes are involved in the 
manufacture of these peptide chains, so that the 


enotype Of a normal individual may be written as 


eA ind, SAGA, 


fn this view the products of the 2-genes are comunon 
to all the human heemoylobins 

(2) In total amimo-acid composition® the four types 
of chains compare as follows 


4and j4 i perhaps Jl out of nearly 140 amino-acid 
FP and pA liffer in perhaps 23 out of nearly 140 amino-acid- 
and st n less than 10 amino-acids 


the 


contam the amino-acid 


Im addition, +? is only one of these chains to 


solencine four residues 
chain 

3) The 
sequence? Val-Leu 
chain begin with 


the amino-acid 
t.chain and the 44 
The ~+F-chain 
with the sequence Ciiv-His-Phe-, which 
different the 4 shows a clear 
affinity in the type of amino-acid with the beginning 
of the $4-chain. In both cases, the first amino-acid 
neutral and aliphatic, the the 
amino-acid histidme, and the third has a non-polar 
ide-chain. 
The peptide chain beginning with the Val-Leu 
(x chain 
known 


begims with 
; the %4 
Val-His-Leu 

hevins 
chain 


although from 


second Ss basic 


has a counterpart® not only in all 
mammalian hemoglobins bit the 
all the vertebrates so far 
examined, except for the hemoglobin of the lamprey 
This is not to sav that the Val-Leu- chains of other 
mimals resemble the human chain precisely, but 
rather that there might family 
blanee’. It is of interest to attempt to explain the 
the 


also in 


hamoglobins of lower 


be a strong resem 
repeated occurrence and strange similarity of 
Val-Leu- (the x) chain in the vertebrates 
The following postulates are used in developing a 
scheme for the evolution of the hemoglobin genes 
Postulate 1. in either 
single or multiple amino-acid substitutions in the 


Mutations of a gene result 


peptide chain which that gene controls, or inversions 
of part of the amino-acid sequence, or a combination 
of these possibilities. The new hemoglobin peptide 
chains produced by such mutations are then either 
tavoured or discarded in the of 
~eleetion. 
Postulate 2. 
evolution a gene for a particular hemoglobin peptide 
chain has undergone duplication, followed by, or 


course natural 


At several points in the course of 


NATURE 


TO 
The two initially 
equivalent genes have then evolved independently, 
voverned by the 
ment on their protem products 


simultaneous with, translocation 
selective pressure of their environ 
Such mechanisnis 
have been previously postulated ; for example, ref. 9 
‘in evolution has been 
that 


the case for duplication as an mnportant factor im 


The role of gene dupheation® 


Lise issed by Stephens! His conelusion was 


evolution was so far neither proved nor disproved. 
It is of 


ot 


course equally possible to postulate the 
dupheation, 
the 


scheme 


chromosome with sub 
evolution ot 
Such a 


into the proposed. hypothesis equally well 


sequent mutially 


would fit 


independent 


identical chromosomes 


It seems likely that a-, $- and genes are located 
on different chromosomes. since they segregate 


independently, whereas 4 
linked!? 

Postulate 3. Onee the rather the x 
dimer, is required to fit precisely with at least two 
other dimers—%, and - 
free to be varied by 


and A-genes appear to be 
x-chain, o1 


the x-chain is no longer as 
mutation It has become ‘con 
servative’ and its rate of evolution will be less than 
that of the other chains, as is perhaps seen in the 
persistence of the Val Leu 
of the vertebrates. 


beginning of the 2-chain 


that 
the x-gene produce mutant x-chains which are more 
severely selected against in the later stages of evolu 
tron than are mutants of other chains. This is likely 
to be so, because in the later stages of evolution the 


In addition, one can postulate mhutations of 


z-chains participate in the formation of foetal haemo 
vulnerable point in the life-eyele of the 
fact that mutants of the human 
x-chaim never reach a high frequeney of distribution. 
in contrast to 


globin, a 


animal It is a 


3-cha nm mutants, although we 


kinds of 


BOTTLE 
different 
as of 3-chain mutants 


know of 


as many x-chain mutants 


Scheme for the Evolution of the Haemoglobin 
Genes 


We might suppose that originally the hemoglobin 
molecule was rather like the present day myoglobin 
molecule, that is, that it had a single peptide chain 
with a single hem group, and that therefore it could 


not show luvem hem interaction The size of this 
molecule might vary, but eventually it might be 


stabilized at a value of around 17,000 molecular 
weight 

At this stage of evolution, presumably earlier than 
the teleost fishes, the hum protein inside the muscle 
cells is assumed to be the same as that in the cirenla 
tion. The muscle hem protein became myoglobin 
retained a molecular 
weight of 17,000 and a complexity of only one huem 


group and one peptide chain per molecule. [t 


in the course of evolution; it 


Was, 
of course, still subject to mutational changes, as can 
be seen from the fact that its present-day amino 
acid composition and sequence in a given animal 
often differs considerably from that of any of the 


analogous hemoglobin 


For example, human 
but 


whereas the reverse is true of human adult 


minvoglobin contains /soleucine, no cysteine, 
globin 

On the other hand, one can foresee limits to the 
kind of mutations which would be tolerated. The 
X-ray studies of Kendrew'* and of Perutz'® show 
that the three-dimensional arrangement of chains in 


mvoglobin and the hwmoglobin 


of 


sub-units (also 


— 
: 
4766 
| 
\ 
\ 
a 
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17.0000 mol lar weight are oremarkably 
though not statement applic s also to 
the two kinds of sub-unit found m haemoglobin 
itself Presumably, alterations the 
course of evolution which would drastically affect the 
three nsional structure were not tol rated Such 
considerat tons imply that the eontiuration otf t hie 
peptide chai mn mvoglobin and hemoglobin became 
tabilized early in evolutionary history 
most important features 

During the evolution of the primitive hawnoglobin 
sionally called the -chaim——there 
oceurred a duplheation followed Or al 
by translocation From now on the two duplicat: 
x -chain genes could evolve independently one to 
become the modern myoglobin gene, the other to 
become the a-chaim gene of present dav haemoglobin 
Eventually, according to the scheme, the x-chaim 
gene would evolve in such a way that its product 
the a-chain, had the property of dimerization im 
olution to form a, molecules Such a property would 
he favoured strongly, if it entailed, m addition the 
possibility of ham hem interaction between the two 
hem groups of the new dimer moleeule and therefore 
the possibility of more efficient oxygenation and 
deoxvgenation C)rice produced, such a mutation 1s 
inlike ly to be lost in the further evolution of haaino 
vlobin 

At this stage. the sequence of the ‘a’-chams ts still 
variable within the dictates of struetural require 
ments. sinee there is nothing yet to put additional 
restrmetions on it 

Wi might next postulate that the genes of the 
»,-chains duplicated again. After this gene duplica 
tion two types of dimer-—2, and y,— would evolve 
side by side. Sooner or later, these chains would have 
evolved sufficiently to be able to form tetramers with 
even greater selective advantage because of the 
increased hem hem interaction likely to be found in 
such tetramers The characteristics of the genes 
responsible for the ability of the chains 
tetramers would certainly be fixed This stage oft 
h.moglobm evolution to have been reached 
already in some teleost fishes, because they already 
possess four-chain heemoglobin® 

The third gene duplication and translocation is 
pictured as occurring with the y-chaim gene, giving 
rise to a mew y-gene destined to evolve mto the 
$-chain gene At this gene duplication the property 
of forming tetramers is already firmly established. 
The new gene can develop along its own line to 
provide a hemoglobin tetramer particularly 
adapted for the adult body On the other hand, the 
old »-chain continues to develop and to provide halt 
the molecule of the foetal hamoglobim (x,¥,). It is 
the cham gene, rather than the « cham gene, which 
is said to duplicate here, because the v-chain dimers, 
» have already the necessary complementariness for 
forming tetramers with «,. This complementariness 
will be automatically a property of the product of 
the new gene In addition, we shall see later that 

and - chain are more close ly related to one another 
than either is to the a-chain Therefore we might 
eonsider them to have diverged at a later stage 

this of evolution, three independent 
genes— a, %. are assumed to be present, each one 
capable of forming chains which dimerize and which 
aggregate to the tetramers 2,8, or x, Hwem hem 
interaction is strongly present in the tetramers Such 
a situation has an inportant effect on the further 


—> Myoglobin 


Adult Hb 


Hb A> 


Evolution of th 
il peptide hair 


ition tollowed t 


evolution of the 2-chain. This chain, or rathe. 
dimer, x.. Is required to fit with two different part 
ners, 3, and As a result, less variation is allowed 
to the a-chain; it has become “conservative Per 
haps such conservation is in part responsible for the 
apparently universal presence of chains beginning 
with Vel-Leu- in the hemoglobins of the higher 
vertebrates. There is an alternative explanation for 
the apparently yreater stability of the a-genes ; this 
gene controls also the foetal ha movlobin and theretore 
mav not undergo extensive mutational alterations. 
since the foetus is a much more delicate organisn 
Phe very fact that any alteration in the x-chain gene, 
and therefore in the x-chain, seems to affect all types 
of hemoglobin may be sufficient to explain the ap 
parent “conservatism 

On the other hand, there is no @ pry 
different parts of a molecule as compl xX as a protem 
should develop at the same rate The difference n 
apparent stability between the x chain and the others 
could be no more than what would be expected as 


reason Whi 


t 


normal variation. It will be mteresting to see jus 
how similar the Val-Leu- chans of different verte 
brates are 

At the fourth and last gene-duplication in’ the 
scheme we suppose that it 1s the $-gene which becomes 
duplicate, leading to the 4-chain genes controlling 
the 8-chains of hemoglobin A,. The origin of this 
s-chain is placed near the end of the evolutionary 
scheme, because of its great chemical similarity to 
the %-chain'*, Furthermore, the presence of a hamo 
globin A ,-like component seems to be confined to the 
higher primates'?. In this view, hemoglobin A, Is a 
new hemoglobin rather than an archaic one, as has 
often been supposed. It has been reported to have 
a higher affinity for oxygen'* and perhaps it is a 
more efficient hemoglobin, destined to replace 
eventually «8, (ref. 19). Its proportion is certains 
doubled in some thalasswmias'’, perhaps as a com 
pensating mechanism. There is genetic evidence that 
the genes for 4- and for $-chains are linked", indicat - 
ing perhaps that the process of translocation of the 
new 6-gene has not yet occurred. 

Where does the lamprey fit into this scheme 7 One 
form, Petromyzon planer’, has two fortal and two 
(different) adult hamoglobins*" The molecular 
weight of the adult mixture is given as 17.000 (ref. 3) 
Perhaps these lamprey hemoglobins are the result of 
an independent evolution scheme similar to the one 
diseussed in the present article, but which has never 
included the mutations which led to the formation 
of dimers and tetramers We might regard the 
lampreys as having branched off before or just after 
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Waste Disposal in the Marine Environment 


Proceedings of the First International Conference edited by E. A. PEARSON 


This volume contains the complete texts of the papers presented at this conference including 
‘Applications and Limitations of Estuary Models in Pollution Analyses’ and ‘Discharge of Wastes 


on the Giant Kelp Macrocystis Pyrifera’ 
90s. net ($12.50) 
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Spatial Vectorcardiography 
H. and Z. KOWARZYKOWIE 


\ well illustrated review of Polish experimental work on axonocardiograms and stereocardiograms 
that will prove valuable to heart specialists and others within the medical profession. 


Approx. 80s. ($12.50) 


The Role of Speech in the Regulation of Normal and 
Abnormal Behaviour 


A. R. LURIA, University of Moscow 


The first detailed account in English of the important experimental research that has been going 
on for more than a decade in the Institute of Detectology and elsewhere in the U.S.S.R. on the 
iynamics of the mental development of children " 

50s. net ($8.50) 
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Proceedings of a Study Group edited by R. MAC KEITH and J. SANDLER 


Contains the sixteen papers and the ensuing discussions of this study group attended by many 
practising paediatricians and psychiatrists, including Anna Freud, C. B. Hindley, Thomas Oppé 


and E. Miller. 
50s. net ($8.50) 
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Volume | edited by ANTONIO FERRI, D. KUCHEMANN and L. H. G. STERNE 


This first volume of a new annual series reflects the manifold forms into which aeronautical science 
has diverged in recent times. It contains review articles on the principles of aerodynamic design 
and on the dynamics of an ionized gas. 

80s. net ($12.50) 


New Soviet Surgical Apparatus and Instruments and 
Their Application 


Edited by M. G. ANAN’'YEV 


Contains information on the design and application of new surgical apphances resulting from a 
meeting of the Scientific Research Institute tor Experimental Surgical Apparatus and Instruments, 


held in Russia 
89s. net ($12.50) 
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COIXXXA NATURE 


Contributed by ELGA PRODUCTS LIMITED 


Water Purification by deionisation is now widely 
accepted as an invaluable technique for laboratories 
and many industrial applications. Other applica- 
tions of ion exchange are, perhaps, not so well 
known, and one is now briefly described. 


Recovery of Acidic Constituents Adjustment of Metal lonic 


Anion exchange resins have made possible the Concentration 

recovery of many acidic materials tormerly wasted Analytical Chemistry often requires specific ions 
Phe anionic products are first absorbed on the resin to be added toasolution. Anexample 1s the purifica 
from solution, then flushed off with an appropriate tion of cobalt nitrate solutions. For this, a cobalt 


regenerant. Anion exchange resins can also be used form of a cation exchanger is used. Unwanted cations 
to adsorb acids selectively trom mixtures, so that in solution are adsorbed by the exchanger which 


certain acids may be isolated. Among acidic con liberates an equivalent quantity of cobalt ions 
stituents recovered are Amino acids, from distillers Other uses of this application are in Hydroponics 
solutions, etc., Citric and Ascorbic Acids from Citrus the science of soilless growth) and synthesis of 


wastes, fatty Acids from soap wastes, Tartaric Acids _ salts 
from Wine residues and Nicotinic Acid trom vitamin 
production wastes 


Part of this information has been condensed from Rohm & — Elgastat Detomisers are contributing to Research throughout 
Haas Publication I[E-3-§3a. the world by providing ultra-pure water at the turn of a tap 
In following issues 1t 1s hoped to deal with further specific 

applications 


By Appointment to Research Please write for publication N.104 
ELGA PRODUCTS LIMITED - LANE END - BUCKINGHAMSHIRE § Tel.: LANE END 396 


AUTOMATIC ROTARY 
MICROTOME 


GREEN'S PURE 
FILTER|PAPERS 


Made since 1915 


Write at once for descriptive 
Catalogue, which — contains 
charts of ash, comparative 
tables and 40 pages of infor- 
mation, vitally interesting to all . 
— A robust and efficient machine at 
very moderate cost. Re-designed with 
Write at once for this up-to-date features, for rapid pro- 
free Catalogue N.G.60. duction of sections from Iu upwards. 


Please write for our new general catalogue. 


J. BARCHAM GREEN 
MAIDSTONE ENGLAND R. & J. BECK, LTD. 
69-71 MORTIMER STREET, LONDON, W.1 
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COMPARISON OF THR N 


i-Leu 


Ala-Asp-Lys- Th 
2 + 6 7 
Met-Phe-Len-Ser-Phe-Thr-Pro 

36 37 3 


Pro-Gla-G 


" 


scheme of Fig. 1 


known about the 


the first 
Unfortunately, 


gene duplication the 
nothing to be 
absence mvoglobin the 


presence or ota 


lampreys 


Discussion 


The proposed scheme EXpPresne a dlesire toe lain 


the stmking chemical similarity between a, %. and 
S human hemoglobin chains in terms of ther evolu 
tion from Precursor 

Braunitzer ef a/2! have published some preliminary 
tindings of the the first 


30-40 positions of the human and S-chaims (Table | 


amuno-aeid sequences mn 


Between the two Sec there is a strong 
resermbhlance ot the deyree expected for two wene 
products which have evolved independently, but fro 
Also Gratzer and Allison® 
the that the 


have from oa 


a common ancestor have 


very recently discussed possibilits 


haemoglobin chaims might evolved 


common ancestor 

It has been suggested to me that the four genes 
controlling the four chaims might have evolved fron 
mrelated penes which originally controlled the 
thus there 


would have been no inerease im the total number of 


tour 


synthesis of quite unrelated proteims ; 


yenes. By a process ot parallel evolution. -sueccessive 


and independent mutations each of these four genes 
eventually changed so that it made one of the hemo 
globm peptide chains The last stages of evolution. 
when pairs of genes were involved in producing parts 
of a complex molecule, must then be called on to 
produce similarity in chemical structure and in con 
easy to coneeive of a selective 
favour changes in 
such that the 


However, it is 


figuration It is 


mechanism which would various 


molecular aggregate. 


toe ther hetter 


members of a 
members might fit 
hard to think of such a mechanism also selecting tor 
chemical and structural similarity of the monomers 
In addition, the ability to dimerize 
arise de nove four times, an unhkely situation 

Although we cannot at 
reject the idea of parallel evolution of the four genes 


would have to 


the moment completely 


from unrelated genes, it is not a very palatable one 
rhe between the human «-, %3 and 
J-chains is so great the C-terminus of the chains 
ends with the sequence -tvrosyl-histidine or 
arginine!®.?2 their 
an active hem group ; 

length'* absence of 
and so forth Altogether, an 
ancestor ims more attractive 


similarity 


tvrosvl 


common ability to imeorporate 
their similar folding and chain 


3 and 4 


16 


ssoleucine im %, 


evolution from a 


Chemical Evolutionary Relationship Between the 
Chains 


How many mutational steps occurred between the 
original *«’-gene and the present-day human x-gene ” 
Or between the original ‘x’-gene and the human 
4-gene ? It is more meaningful, perhaps, to ask how 
many mutational events might separate the present 
day human «- and $-genes. Out of 140 ammo-acils 
we know from the composition that approximately 


20 are different This gives a of 20 muta 


BIN 


Ala-Leu-Gilu-Arg- 
28 29 #30 31 


Ala-Leu-tily- Arg: Le 
7 2s 29 30 


tions of the kind effecting single armmno-acid sub 


stitution 
vertebrates 


d that the evolution of the 


years 


It is believe 
hegan some © lor ayo Let us assume a 


cenmeration lite of 5 vears among the verte 
generations tor the 
generally 
pee yeneration ts 10°, 


1.000 routations m 


brates, which tnphes some 


volution of vertebrate 
which 
the 


haemoglobin 


rate 
figure of 100 
history of a ve 
which is itself a 
than the 


receptable 
leads to a 
evolutionary tebrate 
This figure. 


considerably 


one, very 


higher (minimum) number of 
mutations which appear to distinguish a-chaims from 


and a-chams trom 

Nhe only conclusion which can be drawn from such 
a cale than sufficient 
of mutational events have passed in the history of 


to account for present-day differences 


ulation is that a more nuniber 


the vertebrates 


‘ 


between the various parts of the hemoglobin mole 


ile The } 


Species 


Comparison of the Fingerprints of the Human =z-, -, 
and 4-Chains 


deduce the chemical relationship 
from their 


then 


Rather than 


between the ehams amimo-acid con: 


position, it is better fingerprints * 
The 
tryptic peptides derived from each of these four 
idea of the 


amino-acid 


to COTHpMare 


two-dimensional maps, or fingerprints, of the 


peptide chams give at least a crude 


<imilaritv. and dissimilamty in ther 


SECPULETLOS 2 nd henee of the closeness ot the chemicel 


relationship between then 


x-Chains and %- or ~-Chains 


With the exception of peptide number 21 (ref. 25), 
all the (some 14 for chain) 
dlifterent fingerprints’? of «-chains 
compared with S- or they can be dis 
tinguished by such methods as extended paper iono- 
They are therefore different in their amino 


Human 


peptides each OCCUPY 
positions Om the 


chaims, or 


phoresis 
acid Peptide 22 is free lysine. It does 
not follow that the differing peptides of the a- and 
of the $- or> totally altered. They could 
contain short amino-acid sequences in common?!, In 
that the amino-acid 


and the $- or ~- chains are 


sequences 
chaims are 


anv event, the imdications are 
differences between the x 
distributed throughout their length 

The general comment might be made that there ts 
a familial likeness between the distribution of pep 
tides on the fingerprints of a-, %- and +-chain« 
Surely this will reflect a structural 
(Table 1). We would suppose that portions of their 
amino-acid: sequences are common to all three, as is 


of the two types of chain of 


relationship 


the tertiary structure 
horse hwmoglobin, which correspond to the human 


and $-chains 


3-Chains and --Chains 


(part from peptides mumber 21 (a pentapeptide) 


Human 


and 22 (free lvsine), the following peptides?® occupy 


NATURI 
N ave 4 
9 1 11 14 » 16 17 «Is 20 23 24 
rhr-Lys 
O40) 
hain Val-His-Leu-Thr- Asp-Val-Asy Val-til i 
my 


NATURE 


dad be close relats al 


ery similar pOstlrors We 
19, 208, 26 


if not identical peptides 12, 14, 158, 


fhe number 18 an impressive proportion of the whok 


chain If it is correct that these sare 


chains, it would mean that 
perhaps 9 peptides out of some 14 are shared by tlhe 


Some of these peptides are quite lone 


lentical in the 6 ana 


position along the chain is mot known, excep 
96 is the third one from the N-terminus 
jhese conclusions underline the chemical similarit 
6- and +-chains, which can also be deduced 


ther amino-acid compositions 


Human %-Chains and 4-Chains 


the recent work of Stretton'*® has shown that tli 
+-chains and the 4 chaims are very closely similar tn 
their fingerprints In fact, out of a total of some 14 
iryptic px ptices, only 4 pot icle s are different ; the 
are numbers 5, 12, 25 and 26 The similarity between 
ther pairs of peptides from the %- and 4-chaims has 
heen ascertained much more carefully by amino-acid 
analysis than has so far been done with the y-chains 
Moreover, the differences bet ween peptides 2, 20 
and 26 from 6- and from 4 chains have been shown to 
mvolve only + single diffteremees, for 
example, serine threonine (in two places), threonme 
asparagine, glutamic acid-alanine Phiese | 
amino-acid difference together with an uneonfirmed 
fifth one, are so far the only ones definitely known 
hetween this pai of chains. each of which is some 
140 residues long— a very close chemical 

Apart fron the tryptic pe ptides of the x 


chains. there is in each case the trypsin resistant 


core’ to be considered which amounts to rather more 
tham a quarter of the chain Here the ditterences 
hetween the chains are far from clear and cannot vet 
be usefully discussed, except to say that the “eores 
all appear to be 

Fingerprints of hiemoglobins from other 1 
ref. 2. and Muller, C. J., unpublished 
nizable as ‘hemoglobm It will be on 
compare the degree of similarity between the an 
roalian hemoglobins on one hand with, say. chicken 
or teleost heemoglobin 

Recently, Zuckerkandl? has shown that finger 
prints of hemoglobin from the gorilla anc ehin 
panzee are indistinguishable from those of humen 
luemoglobin A greater number of diftermg pticle 
epots are observed im the less close ly related orang 
utan and rhesus monkey These extraordinarily 
interesting findings give added proot of the validity 
of using a chemical study of verte brate heemoglobime 


to discover evolutronarys relat ponships 


Conc'usion 


it appears that a sufficient number of generations 
has passed since the begimning of vertebrate evolution 
te allow for the known or suspected mumber of 
mutations which separate the a-, 3- and chams of 
human hemoglobin 

The similarity in the fingerprints between 3 and 

chains of human hamoglobin supports the sug 
gestion that these chains diverged from one another 


at a later stage in evolution than either from tha 


chain gene 
The close similarits hetween $- and 4-chame gives 
we ight to the rden that the A.chains of hemoglobin 
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are a recent evolutionary development trom the 


chains 

The sugvestion is made that a single primitive 

voglobin-like heem: protem ts the evolutionary fore 
runner of all four types of peptide chain im the 
ent-day human hemoglobins, and of the corres 


pore 
m other vertebrate huemeo 


ponding peptide chains 

globins. Su h a scheme involves an increase in the 

number of hamoglobin genes from one to five by 

epeated yene duplication amd translocations ; the 

cheme mav thus illustrate a general phemomemnon i 


volutron 
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Note added im proof Further work by G. Braunitz« 
and his colleagues physiol Chem othe pres 
shows that the similarity of the 2 chan 
continues throughout these chaims 
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OBITUARY 


T. Patterson 


PATTERSON, 


Prof. J 
PHOMAS professor 
the University of Texas, died on 

1960, at the age of eighty-two, will be 


emeritus 


wlogy im who 
Decen ber 4, 
remembered especially for his work on evolutionary 
Drosoph la, 
the 
Texas and 
frenus Dro 


genetics of published as a series of 


Drosophila’ by the 


bn wok, 


Studies in Genetics of 
culminating in a 
sophila (1952), 
Wilson S Yet 


involving activities 


University of 
lution nthe 


collaboration with 


written 
Stone this gre: 
the 


yraduate 


programme of work, 


colleagues and students, Was 
after he reached the age of sixtv, in the 


a long life devoted to biological teaching 


initiated 
everung oft 
and research 

J. oT. Patterson was Piqua, Ohio, on 
November 3, [S78 He received his bachelor of 
science degree from the College of Wooster in 1903 
ind his Ph.D. from the University of Chicago, wher: 
he was a student of C. O. Whitman, in [908 He 
went to the University of Texas in Austin in 1908 as 


born at 


instructor in zoology, becoming adjunct professor in 
1913, ‘distinguished 
when this special rank was created in 1937, 


professor in professor 
and 
emeritus professor on his retirement from teaching 
but 1955. He was one of the 
last of a great generation of Chicago Ph.D.s im 
zoology that included men as W. C. Allee 
(eorge Bartelmez, Carl Moore and Oscar Riddle. 
When Patterson arrived at the University of Texas 
he found extremely primitive conditions in a frontier 
By his own efforts he built up the Depart 
adding to the staft 
Carl Hartman, T. S. Painter and H. J. Muller. The 
bat-infested the early years was 
replaced by the Biology Building in the 19208 and 
the magnificent Experimental Science Building in 
1952. <A total of thirty-one students received then 
M.A. degrees and twenty their Ph.D.s under 
Patterson's direction during the forty-eight years ot 
An extremely 


not from research) in 


such 


society 
ment of Zoology. successively 


laboratory ot 


Thine 
his active teaching career in Texas. 
hard worke he 
morning about 6 a.m, 
big ‘fly lab’, at his 
students, with 
relationship 
Patte rson s ¢ arly search was embryological. He 
studied the mechanism of deve lopment in the nine 


would arrive at the laboratory each 
spending the whole day in the 
talking with his 


close personal 


mrcroscope or 


whom he had a very 


handed armadillo, in which monozygotic quadruplets 
From polyembryony im # 
was a natural step to studying poly 


are invariably produced 
mammal it 
embryony in the wasp Paracopidosomopsis foridanus 
Ashmead—a rolling name with which Patterson used 
to impress his elementary students, just as, in later 
able to silence an Texas 

that his peculiar activities 
were “collecting Drosophila 
friend Professor Theo 


vears, he was 


vokel by 


inquisitive 


assuring him 


with an msect net 


pose ndoobscura Frolova for mys 
dosius Dobzhansky’’. 

Following on the discovery by Muller in 1927 of 
the mutagenic propert ies of X raves, Patterson turned 
radiation and worked 


his attention to genetics 


on somatic mutation, mosaicisin, gynandromorphs and 
the production of deletions 
X-ravs. But by the middle 
restless mind seemed to have tired of these lines of 
work and for a while he devoted himself to building 
up a great collection of the flint artefacts of Texas 
ind the neighbouring States, on which he published 
several papers. At last, in 1938, he found his greatest 
field of activity in the gonetics of 
Drosophila. This was a few 
shown that the 
Drosophila could be used for an entirely new type ot 
eytogenetic analysis which permitted a detailed com 


and translocations by 


1930's his active and 


evolutionary 
vears after Painter had 
chromosomes ot 


salivary gland 


parison of the gene sequences of different species 
The idea seems to have suddenly struck Patterson 
that he wanted to study, not just Drosophila melano 
yaster, or even the other that 
had been employed until then by a few geneticists, 
but the whole range of species belonging to this genus 
of flies 500 or there might be 
we now know there 

Collecting expeditions yere sent out to all parts of 
the United States and Mexico and later to Central 
America, Canada, the Caribbean and the Pacific area 
Hundreds of species were brought back to the Texas 


dozen or so Species 


200, however many 


are at least a thousand). 


laboratory, which beeame a living museum of Droso 
phila stocks which were subjected by Patterson and 
his students to a great variety of genetic techniques 
their relationships Painter s 
gland technique fully exploited im 

The results were too voluminous to be 
published in the that they 
appeared im the now famous University of Texas Pub 


designed to elucidate 
salivary Was 
this work 
regular journals, so 
lLieations, generously distributed free to imstitutions 
and individuals throughout the world. Both taxonomy 
and genetics acquired new perspectives as a result of 
this work, for which Patterson received the Daniel 
Giraud Elliott Medal of the U.S. National Academy 
of Seiences in 1951 (he had elected to the 
Academy in 1941). His studies of the virdis group 
of species will always remain classical examples of 


been 


this kind of work 

Short of stature, direct and forthright in speech 
Patterson impressed one with his energy, exuberance 
and whole-he arted dedication to his science. He 
never travelled outside North America and seldom 
left Texas after his middle years, when he still used 
to spend the summers with his family at Woods Hole 
participate im the stream of American 
Thus he bn came something of a legendary 


and main 
biology 
personality even in his own lifetime to the many 
vounger biologists of the eastern States and the west 
coast who had never met him. He had little use for 
intellect ual and his work deals 
entirely with the big problems open to a frontal 
attack. Although he made no single discovery com 
parable in importance with those of Muller anc 


subtleties, almost 


Painter, he bas an assured place in the history of 
yveneties and evolutionary biology. His influence on 
the development of the University where he taught 
and worked for more than half a century was very 
great M. J. D. Warre 
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University College of North Staffordshire 
Dr. H. M. Taylor, C.B.E. 


De. H. M. Tayior, secretary general of the Faculties 
n the University of Cambridge, has been appointed 
principal of the University College of North Stafford 
trom October 1, to succeed the late Si 


He will bring to the service of Keele 


Keele 
Barnes 
outstanding gifts of personality and a wide range of 


hure, 


eoorge 


and administrative iuterests and experience 
Dr. Taylor went up to Clare College, Cambridge. in 
a distinguished undergraduate career at 
the University of Otago, New Zealand, and he con 
tinued to distinguish undergraduate and 
research student om Cambridge He graduated Ph.D 
im 1933 and was elected Fellow of Clare 
1930 he 
as University lecturer m 
the Faculty Board of 
studies in mathematics and steward of his College. 
the Officers’ Traming Corps In 


after 


himself as 


in the same 
vear. By had made his mark in Cambridge 
secretary of 


director ot 


Mat hematies, 


and adjutant of 


these and many other fields he had viven proot ot 
vreat organizing ability, an orderly mind, industry, 
and & kindly and sympathetic personality 

After war service in the Army. as an instructor at 


the Sehool of Artillery, Larkhill, Dr. Taylor returned 
to Cambridge mm 1945 as University treasurer, and was 
general of the Faculties im 1953 


unique experionce in administering 


numwle secretary 
He has thus had ; 
the educational and 


and he has made notable contributions to solving the 


financial affairs of Cambridge, 


complex problems of post-war building programmes 
the University 
ski-mountameers 


and the academu development of 
Dr. Taylor is im the rank of 
and is also an authority on pre-Norman Conquest 
preparation what 
For his contribu 
architecture he 


first 


has im 
a detinitive work 
Anglo-Saxon 


churches, on which he 
promises to 
tions to the study of 
has recently been admitted to the fellowship of the 
Society of To illastrate these mterests 
he has brought a talent for photography and draughts- 
inanship. Despite the heavy calls of his office, he has 
remained readily accessible and prompt to help any 
the University staff, at whatever level, 
who has sought his counsel He and Mrs. Taylor 
generous and they will leave im 
fnends who will wish well to them 


Ant iquaries 


member of 


have been hosts. 
Cambridge many 


and to Keele under Dr. Tavlor’s principalship 


Geography at the London Schoo! of Economics 


THE constitution of the University of London is 
sufficiently elastic to permit the existence of many 
special institutions or arrangements. For the past 
forty years the Jomt School of Geography of King’s 
College and the London School of Economics has so 
flourished as to rank as the largest honours school in 
Britain both in staff and students 
Students registered at King’s College enter for degrees 
in the Faculties of Arts and Science, those at the 
London School of Economies in Arts and Eeonomies : 


numbers of 


by tradition, though not by requirement, the professor 
at King’s College specializes on the physical side, his 
colleague and joint head at the London School of 
Economics on the economic and human, but both are 
holders of University chairs of geography As part 
of the post-war expans on of the social sciences, a 
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third chair, pronarily, though not entirely, a research 


chair, was created and oeenpied by Prof. L. Dudley 
Stamp durmg 1948 58, with the title of professor of 
Prot 


social geouraphy Stamp was succeeded in the 


regular professorship and headship of the 
School by Prof. R. Ogilvie Buchanan, who was 
previously at Uni ersity Collegs " London Nature. 


164. 475; 1949) 
ber under the age linut after thirteen vears of offier. 
has held 
Universit, 


Prof. Buchanan retires in Septem 


which he with distmetion many 


positions m= the 
chairmanship ot the 


clurmy 
ineludimge the present 
Academie Counel 


Prof. Emrys Jones 


Prof. Stamp retired through pressure of 
outside work im 1958, a third chair of geography was 
established, to which Dh Micheel J Wise was 
appomted, together with a readership in social 


yeography to which Dr. Emrys Jones was appomted 
the third 
professorial triumvirate—with Prof. S. W. 
dridge and Prof. Wise. Although the 
or readership in social geography ts 


member of the 
Woo! 
special chair 
there fore 


Dr. Jones now becomes 


now 
in abeyance, Prof. Jones's appomtment assures thar 
the field of study. the application oft 
yeographical analysis to 
present problems, will not be Tra*ned 
under Prof. H. J. Fleure at Abervstwvth. he went to 
London after some vears at the Queen's University of 
Belfast His published 1 Social 
(leography of contribution. 


essemit nally 
and 
negleeted. 


methods of survey 


recently hook. 
Belfast, in a 


breaking new ground and showing promise of new 


notable 


developments in the borderland between 
and geography. 


Prof. C. V. Subramanian 


SUBRAMANIAN has been appointed to 


Botany at Jodhpur: 

Pror. C. V. 
the newly created chair in botany of the University 
of Rajasthan, at Jodhpur. Prior to his appointment, 
Prof. Subramanian had suceessively held the posts of 
lecturer (195153) and reader (1953-58) in botany at 
the University of Madras, and professor of plant 
pathology (1958-60) in the Indian Agricultural 
Research Institute, New Delhi After graduating 
with a first-class honours in botany from the Univer 
Madras in 1944, he studied 
S. Sadasivan m the same University. 
and Ph.D. in 1947 for work on th: 
saprophytic behaviour of the Fusarium causing cotton 


sity of soil mveology 
under Prof. T. 


obtiimed his 


wilt. In 1957 he obtained the D.Se. degree of the 
same University for his work on the taxonomy of 
imperfect fungi. For several vears past he has 
made an intensive study of the hyphomycetes 


including soil Fusaria, and has published many 
papers on the tropical forms of this group, as well as 
the Sphaeropsidales which had hitherto not received 
much attention from Indian mycologists. For some 
time Prof. worked in the Botany 
School, Cambridge, with Dr. S. D. Garrett on 
and in the Commonwealth Mycological In 
Kew, on hyphomycetes with Mr. E. W 
Prof. Subramanian is a Fellow of the National 
Institute of India and of the Indian 
\eademy of Sciences. Although a new laboratory 


constructed at Jodhpur, work has 


Subramanian 
soil 
fungi. 

stitute, 
Mason 
Sciences of 


has vet to be 


> 
: by 
} 
| 
> 
a 
i 
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alreuly been conunenced by him on the taxonomy 
mud biology of coprophilous and soil fungi, on the 
and evtology of Helmintho- 
poriwm species attacking cereals, and on abnormal! 
vrowth in plants. B. Tiagi, appomted as reader, has 
a long record of active research in plant morphology 
and embrvolouy The Department will soon have a 


<oparate building tog ther with a general herbarium 


taxonomy, physiology 


of higher plants, a mycological herbarium and a 
collection of living cultures of fiunyi 


Ford Foundation Research Fellowships of the Zoo- 
logical Society of London 


Is Mav 1960 the Ford Foundation mace 
550.000 dollars to the Zoological Society of 


“a vrant of 
London 
to endow three senior research fellowships and three 
junior research fellowships im animal reproduction 
lhe Council of the Society has now appointed Dh 
Peter A. Jewell, Dr. Lorna M. Kellas and Mr. D. R.S 
Kirby to fellowships. Dr. Peter A. Jewell, who will 
hold the for tive present 
working Veterimary the 
sheep, which are contined 
Kilda, and which present unique 


appo 
at the Royal 


years, 18 at 
College on 
breeding biology ot Soay 
to the Island of St 
material for the investigation of a population of small 
He also intends to study the reproductive 
of various 


ungulates 
under laboratory conditions, 
Until suitable laboratory 
at the Societv’s Gardens, Regents Park, 
will work in the Department of Animal 
and Veterinary Hygiene, Roval Veterin 
London Dr. L. M. Wellas, 
appointed for three years, at | holds an 
ippointment the Department of Veterinary 
Histology. University of Glasgow Veterinary School 
Dr. Kellas will make a histological and histochemical 
study of the gramular cell which 
occurs in the placenta of ruminants She will also 
study the reproductive tracts of the giraffe, having 
already obtained certain material for these studies 
while on field expeditions to Central Afriea. Mr 
David R.S. Kirby has been appointed for a period of 
three vears. as from October 1, 1960, and for the time 
being will continue to work in the Department of 
Zoology and Comparative Anatomy in the University 
of Oxtord. He will study the effects of abnormal 
environments on the development of the embryo, 
vith particular reference to the inhibitory influence 


of the endometrium on the spread of the cells of the 


formes of A pode Mus space 
“ava labk 
Dr. Jewell 
Husbandry 
arv College, who is 


present 


intra-epithelial 


| ophoblast 


New Atomic Energy Authority Reactor 


\ NEW low-power reactor called Vera (Versatile 
Expermental Reactor Assembly) started operating 
for the first time at the Atomic Weapons Research 
Aldermaston, on February 22. It is 
being used im reactor phy experiments to nmprove 


Establishment, 


methods of calculation for fast 
eritical More information on these 
systems is required for many problems relating to the 


data and 


assemblies. 


nuclear 


safety of storage and processing of fissile materials, 
and for the fast reactor development programe. 
The reactor includes a core region of thin walled steel 
fuel tubes surrounded by a natural uranium reflector 

the whole forming a cylinder 4 ft. high and 5 ft. im 
diameter. The fuel tubes are loaded with fissile and 
diluent material plates 1-7 in. square and } in. thick. 
By appropriate loadings the composition and sjze 
of the reactor core may be varied to examine the 
niclear importance of materials over a wide range of 


NATURE 711 


neutron energies. ‘The reactor is designed to separate 
loading, the two halves being 
together by control. An 
associated enables neutron 
bursts to be generated for measurements of reactivits 
and time-dependent The reactor 1s 
located in a large concrete cell which is sealed churiny 
Operation \s the exceed LOO W 
special cooling is mot required. This work forms part 
of a and theoretical 

\romie Weapons Research 
with fast 


into two parts for sate 


brought slowly remote 


accelerator with Ve ra 


behay 


power vw ill not 


programme of experimental 
nuclear data work at the 
Establishment and is co-ordinated reactor 
work in progress at other establishments of the U.K 


Atomic Energy Authority 


New British Base in the Antarctic 


\ NEW Antarctic the 
southerly in the cham of scientific stations maintained 
by the Falkland Islands Dependencies Survey —has 
up on Adelaide Island. Sir Vivian Fuchs, 
director of the Survey, states that the 
the east side of Adelaide Island, in approximately 
latitude 677° 40°S Adelaide Island is about 70 miles 
long and 30 with high the 
peaks of which reach 4,000 7,000 ft. The new base 
February 3 and will enabie the 
of the Island to be completed, 
besides acting as a supply station from which men 
flown to other Two Otter 
arrived at Adelaide and are at 
in the course of flying stores to Fossil Bluff, 
the site of a station in lat. 71 20’ S., long 
68 17° W. This will be the farthest south base in 
the Land area,vand from it exploratory 
journeys Alexander Island, a high 
PO O00 square 


sritish base—-one of 


been set 


new base is on 


miles wide mountains, 
was established on 
survey and geology 
and stores can be biases 
aircraft have alread, 
preset 


new 


Graham 
will be made im 


mountainous region miles in 


extent. 


Afforestation in National Parks in Britain 
Hansard oft 
afforestation 


IN a written eirculated om 
February 14, the terms of a schem-> for 
in the national parks in Britain is 
with a letter sent by the National Parks Commission 
on January 26, 1961, 
authorities recommending its adoption. The purpose 
of the scheme is to secure consultation of the park 
planning authorities on proposals for private afforest 
ation of any land that has not hitherto been planted 
The Tiunber Organization, the Country 
Landowners’ Association, the Forestry Commission 
and the National Parks Commission are all anxious 
to secure that in the future use of land in national 
parks, proper regard should be piven both to the 
needs of forestry and to the preservation and enhance 
ment of the natural beauty of the landscape. To 
avoid conflict between these two interests, the parties 


answer 


yiven, together 


to the individual park planning 


Growers’ 


to the agreement believe that the closest co operation 
should be maintained between those concerned with 
afforestation and those responsible for accomplishing 
the purposes for which national parks have been 
established, and they agree accordingly that the Park 
Planning Authorities should be given the opportunity 
of commenting on all proposals for the afforestation 
of any land not hitherto planted. In each national 
park, except where special arrangements have already 
been made, it is proposed that the Park Planning 
Authority should carry out with the Forestry Com 
mission a survey with the view of compiling maps 
classifying the land in the park so far as possible 


into: (@) areas where there is strong presumpt 


og 
te 
<P 
» 
We 


rh 


hat afforestation would be acceptable areas 


there is prestimipt ron 


here although 


afforestation, proposals might be aeceptabl and 


there is & Strong agar 
atiorestation These 
veneral guide to poles and should be adjusted wher 
The 


thie 


areas where 


categories are devised as a 


particular circumstances 
bet ween 


necessary to 
to be discussed 
National Parks Commission 
The Forestry 


afforestation 


vs are mtended 


planning authorities, the 


the other to the agreement 
bubs pros to its 


proposals om accordance with the surveys amended 


necessary after these consultations, and it) is 


t haat landowners will do 


hoped private 
Phe 


oft attorestation 


nts will not apply outside matronal 


the 


agreement does mor re 


arrangetre 
replanting of existing woodlands 


‘fer to the 


nor to 
charac 


Radioactive Materials in Food and Agriculture 


AnTHoUuGH the recent 
a Food 


references 
Avriculture Organization 
Vaterials 


contamination 


quoted isthe 
and 
entitled Rad 
the 
utter 


still wicte 


report ot 


fire 
the ¢ 
there are 


and Aq 


available to were mo more 


recent than aps 
r information, the publication represents a valuable 


t he 


concepts 


subye Ct. 
tress Onn 
Agriculture Organization 
HM 


Rachoniuc hides 


balanced and readable general survey of 


and which 


Rome 


lavs baste 
Food and 
London 


50 dollars 


ore 
123 


Stationers 


he United Nations 
ja. 
the human bundy, primarily via the food cham 


Office 


enter 
variable 


food 


irommental 
thie 


vreat 


which a 


along 
the contamination of final 

Some eniphavsis has been placed here on 
atters ot soil anil plant contamimation, but attention 
ven to animal products. food processing, Mare 
aspects and overall survey 
Altho ivh thee predominant 


human cdretary 


brologs 
und sampling proble 


contanmunation ot vent 


environ 


proche mi 
has its 


a world-wide scale 


effluents 


radionuchdes on 


origin in nuclear explosions, from nuclear 
a factor of local 


the 


certain 


be 


pow oF plant 
Sore attention 18 ciurected to ability ot sone 
wrine forms to concentrate radionuclide 


one-hundred-fold 
vthod 


from the sea. and to a feasible 


decontaminating milk supphes m= an 


The 


tor 
those 


Conunittee 


h 


recommendat rons specty part 


further work are 


where arch and survey 


tie les 
most urgently It is perhaps as well that the 
few errors whicl the so greatly 
t hue emse of the that the are easily detected 
environmental carbon-14 


needed 


occur mm tent alter 


$1, 


tor iple. on 


not amount to approximately 10 TL per cent 


of earbon-t2 


Origin and Evolution of Coal 

fur Geological Survey and Museum has published 
and Evolution 
Industrial 
(London 


pamphlet entitled The Orig 
Coal (Depart me nt of Serentifie and 
Research. By Dr. P J. Adams. Pp.1 17 
Statroners Office, 1860.) la. &/ 
cubstantially a reprint of an article that appeared im 
the Fuel Eco iy Reve of 1955 Starting from 


definition of coal as “a combustible rock which 


this is 


thee 


had its origin m the ace umulation and partial decom 
thee the 


nyrecdients that went towards the 


f vegetation it traces history of 


position © 


lifferent vewetabic 


formation of coal, first through their biochemical 
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decomposition to peat and sapropel (shiny sediment 
and later through physical and chenuecal changes 
brought about by temperature and pressure during 
the course of the burial of peat and sapropel to greater 
«le pth The 
derived from 
macerals, and the sapropelic coals (eannel and bog 
head) Followime a brief diseus 
“on ot the part plaved m these processes by crustal 
movement. the lignite anthracite series is discussed 
the chen changes 


the 


familiar “humue’ coals, assiamed to be 


peat, together with their constituent 


are then des eribed 


referemes to eal 


Finally 
Ze dina 


with 


involved geological record at coal 
useful table 


still con 


tormation 


300 mullion vears ago, this process 


about 
thought 


derived 
prove 


pretuyre of con 


Florida It 


might 


tines though in 


the 


that 


Everglacd s of 


natural uraphiite trom sti 
This booklet 


requiring ab 


earlier coals should helpt i to 


t howe 
for in teaching 


Labelling of Medicinal Preparations 


\ MEMORANDUM giving guidance on proce 
to be followed m devising labels and titles for 
has been 


Vharmaceutical 


medicinal preparations 


British 


procure lent 
Association of Cireat Britam 
Public Analvsts (Lahel/ 
Compounded Medu Prepara 
Association of British Pharmaceut 
the 


requirements 


Association of 
Proprietary 


bv the 

trv, the 
and the Association of 
Procedure for 
Pp. 6. London : 
Industry, 1960). 
Net, 1955, 
the food and drugs 
considering the of the Aet 
realize that the attitude of the publi to the pure hase 


necessarily identical 


nal 


Section 6 of Food ane 


‘ al 
Drugs 


regard to 


vith 
When 


enacts certain 
labelling of 


pros 


of medicmal preparations is not 


with their appro h to the purchase of food. Conse 


quently, it) desirable to apply 
food by Stat Orders and 
the 


labelling 


imtrodueced tor tors 


Instruments Further, 
preparations 


those 


la \ does not ol 


medic mal requirements Con 
paralole with those introduced for food. The memor 
andum gives detailed recommendations for Jabellmua 


as well as definitions of the compounds affeeted 


Nuclear Fusion Journal of Plasma Physics and 


Thermonuclear Fusion 


Ir is natural, though not necessarily pleasme, 
the inereased mterest m the phy s3e8 of pomized 
should lead to the journals 
dealing with recent developments in that subjeet 
Nuclear Fusion, subtitled Journal of Plasma Phiusics 
and Thermonuclear Fusion. which will probably he 
preoccupied for some time with the former subject. 
(1, No (September 160) 
quarterly Inter 
Agency. 1960.) Annual 


that 
jaelist 


appearance Of spec 


latest addition 

Published 
national Atomie Energy 
subseription 250 Schillings : 70s.; 10 dollars. Single 
issues 75 Sehillings ; 21s 3 dollars). It 
produced journal, with photographs and dagrams 
accompanying the text, although the advantage of 


the 


Pp. 6S Vienna : 


is a well 


two-cohunn printing m @ subject so mathematical as 
to require frequent whole-width displaved formula 
is obscure The the first which 


is of high quality. consists of the 


ISSTLE, 


material im 
first part of a 
leissrely and complete survey of the oscillations of a 
plasma, a thy 
stability of an axially symmetric pli a brief 
on the energy distribution of thermonuclear 


mathematical discussion of 


nentrons, 


4 
Fool EE 
is 
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TWO ntal papers on rapidly compressed 
There is the 
betits the 
abstracts are provided im 


sual im pressive list of 


organ of an international 
four 


‘btors. and, as 


lang laues, 


Enelish, French, Spanish and Russian 


\ifracombe and D.strict Ordnance Survey Map 

Poe Ordnance Survey Department has published 
i the seale of 24 in. to the mule showimg the 
North from Sands to Combe 
Martin extending 
Island is shown @s am (Map of Ilfracombe 
and District Sheet S56 Scale: 1: 25,000, about 


Chessington, Surrey : Ord 


tab}? at 
Saunton 


ten 


Devon coast 


anid riiles 


mches to one mile 
heen introduced in this publication 
Survey 
15 kin. north 
In addition, 


nance Survey, r. 6s. 6d. net Two new 


features have 
The 


at this seal 


sheet has been mereased from the 
present 

to 20 km 
ivhly 12) 
o keep the price as low as possible the cardboard 
wed for the folded stvle Preps has 


used for Ordnance 
east to west by 


to south (re miles by mules 
cover normally 
ciiscarded ana the Covel design has heen printed 
as an integral part of the map. Covermg as if does 
holiday 


whether the last-mentroned umovatrons 


very and walkme area, it 1s 


popular 
jnestionable 
jeopardized the curabilitv of the 


have to 


have mot, mi tact, 


wep) which is likely to stand wp to sere 


rough treatment 


Science Progress 


viberellins by W 


ABLE review of the 


of the Akers Research Laboratories, Lmperial 


Brian 


the latest at 


1961) is ace al 


Chemical Industries, Ltd in 
Science Progress (49, No. 193: 
by two other articles which should be of considerable 
miterest to those wishing to extend their knowl dge ot 
Dr. 4). H. Beale, of the Department of Animal 
Edinburgh, deseribes recent 


yeneties 
Cieneties, University of 
vork on the mechanics of eytoplasmic inheritance, 
hile Dr. (cordon Haskell. of the Genetics Depart 
ment. Seottish Agricultural Institute, 
tific advances in the past decade which are 
with the life-history and cyto-geneties of the 
Rubus. The 


deseribimg recent developments various branches 


reviews scien 
associated 
genus 
journal also contains the usual seetions 
and manv authoritative book 


of natural 


reviews 


A Large Red-Shift 


red-shutts fifth of the velocity 


MAN esti 


NEBULAR 
ot light 
vations 
even fainter and 
by the night-sky 


ip to one 
have been reached by 
The absorption features m the spectra of 
Ve iled 


more distant galaxies are 
Enussion lines 
than absorption 


with strong 


spun trum 
much ftamter 
and the deteetion of 
emission lines would therefore permit spectroscopic 
deterniunation of very large red-shifts. The investi - 
offers a promising 
galaxies with emission lines ; many 
of the radio have identified 
with such galaxies Among the known radio sources 
one has now been identified with a galaxy of apparent 
magnitude 21. which the brightest 
of a eluster of galaxies, which 


visible for galaxves 


lines, galaxies 


vation ot radio sources wavy ot 


finding distant 


strongest SOUTCOS heen 


appears to be 
and 
neetrum showmy strong emrssion line at 25448 A 
line eertamly the forbidden 

ionized oxvgen, the laboratory 
which os 3728 A... and the large 


velocity of 0-46 times the 


member has a 


Phe is: almost 
Wave 
red-shift 
velocity 


doublet 
‘ nuth ot 


orresporiet ai 
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Minkowski, 132, 
Baum has used photo-eleetrie photo 
red-shift of 0-44 times the 
fainter the 
reason to believe that 
the 


of light R ; 
Ww. 
determine 
velocity of light for 
There Is thus every 


Istrophyes 


metry to 
two galaxies of 
cluster 
indeed, a real member of 
These results establish the 
red-shifts which are large 


discrimination between different 


the first galaxv os, 


cluster of galaxies 
possibility of reaching 
enough to permit 


‘ osmoloi al theories 


Scottish Field Studies Association 


the Scottish 


Field 


and shows 


RECENTLY 
Studies 


for the 
Association has become available 
scope of its Courses, of 
The 


centred on 


a welcome thie 


which seventeen are now being offered 
of the 


the Garth 


botanical eourses are once more 
Field Centre 

being organized at the 
Isle of Cumbrie (marine biology); the Isle 
of Arran and North Ballachulish Beinn 
Kighe. the Isle of Arran and Strathpeffer (zoology ) 
j geographical field studies are beimg arranged 
from the Garth Field Centre and in the Strathpefter 
Fees for the which im 
varv from £7 to £11 3s. Further infor- 
from the Seottish Field 


Woost Street, 


However other Courses are 


Isle of Raasay and the 
(,reat 


geoloyy 


Two 


region COUrses each 


last a week 
obtamed 
179 


ination can be 


Studies \ssociation Regent 


Gilasgow, ©.2 


Institute of Metals 

Tut veneral 
held at 


mecting 


spring meeting and anual 
of the Institute of Metals are to be 
House, Great Smith Street 
March 21-23. The annual 
held on the morning of March 21 
the programme is divided into two sections, 4A and 
whieh will ran coneurrently in the Hoare Memorial 
Hall and the Convocation Hall. as follows : March 21 
problems im vas-cooled reactors, 


Church 
l, 
will be 


London, 
general 


On each occasion 


1) compatibility 
B) aluminium alloys (Prof. M 
the Mav Lecture, entitled 
Industrial”, in the evenimg) 
allovs and X-ray (B) the con- 
constitutional research to 
>3 1) 
grain 
can be obtaimed 


Metals, 17 


Polanyi will be giving 
Academic and 
March 22 (A) copper 


‘Scrence 
fluorescence analysis 
general 
extrusion, 

Further 


Secretary , 


tribution ot 
metallurgical problems 
boundaries 


from the 


segregation to 
information 
Institute ot 


Belgrave Square London, 


international Congress on Metallic Corrosion 

Metallic 
Imperial College of 
Technology. S.W.7,) during 
The programme has been divided imto 


International Congress on 
held ue the 


London, 


THe first 
Corrosion is to be 
and 
April 10-15 
fifteen sessions which inelude such topics as effects 
of corrosion, corrosion mhibitors, corrosion protection, 
high-temperature oxidation, corros:on fatigue, ete 
It will also include four plenary lectures : 
and Electrochemical Behaviour of Metals at Passiva- 
tion Ranges’. bv Prof. Y. M. Kolotyrkin : ““Radio 
tracers as applied to the Study of Metallic Corrosion 

by Prof. P Lacoribse The Advanemyg Frontiers 
of Corrosion Science >, by Prof. H. H. Uhlig: “‘Factors 
deeidmg between Active Corrosion and Protective 
Film Formation’, by Dr. 1 R. Evans Further 
pnformat ron obtained from the Honorary 
Trit« rnational 


Belgrave 


Chemical 


can be 
Secretarv. The First 
Metall Corrosion, 14 
s.W.1 


(‘ongress on 


Square, London, 


47€ 
| 
2 
| 
oe 
¥ 


714 


Teyler Essay Competition 


THe 1961 competition for the Tevler Prize, organ 
d jomtly by the Tevler Foundation and the Second 
Tevier Societ vill take the form of an essay on 
modern theories of the genesis of organic matter and 


macromolecules during a phase of develop 
ment of the Karth, prior to the appearance of the first 


The Tevler Prize consists of a gold 


medal or 400 Dutch ciulders The clos ny date for 

the cor tition is 1, 1963 Further mforma 
on ¢ be obtamed from the director of Tevlers 


Stichtimyg Darnst raat 21 Haarlem 


Noethe rland 


University News : Belfast 

Tur following appomtments to lectureships have 
been ammounced B. S. Gunning (botany): Dr 
\\V Metirath physical chemistry) C Ss 


(archwology been received as 
from the Ds partrient of 
Industrial Research, £695 for the 
wrygon chromatograph, and £768 for the purchase of a 
gas chromatograph with ionization detector 
both for research in the Tk partment of Chemustry 
from the Wellcome Trust. £5.500 for the purchase ot 
Akashi tron Ope and an ultranucrot ome 
reese arch hy the pusrtinent of Zoologs 


Grants have 


\\ ilson 


follow 


Serentitie and 


purchase of an 


flare 


for 


Birmingham 


AMONG the recent appouitinents are the following 


J. W 
D. N. Davies, 


Fortey, to be leeturer in civil engineering :- 
to be Associated Television Fellow 
in the Department of Electrical Engineering: B 
Henderson, to be William Gibbins Fellow 
in the Department of Physical Metallurgy ; Dr. A. I 
Rees to be Imperial Chemical Industries Fellow in 
partment of Ceology 


Re arch 


(i ophvsies in the 


Keele 


THe Nuffield Foundation has given £20,000 to the 
University College of North Staffordshire for the 
purpose of setting up and maintaining a special 


library, to be known as the Nuffield Library. appro 


priate for the foundation vear of general studies in 
t he College This Library. to he housed in the reew 
University Library building under will 
contain multiple copies of a number of texts which 


study of each of the twenty or more 


construction, 


are basic to the 


subjects which go to make up the foundation year 
course Part of the grant is to be aveileble to keep 
this Library constantly up to date 

London 


HEYMANN has been appointed reader in 
physics in the University of London. and Dr. J 
Lewis reader in chemistry in the University of 
London, in respect of posts held by them at University 


Dr. F. F 


‘ollege 
Sheffield 


appomtments have recently been 
R. Dennis, senior lecturer in 
Hewson-Brown. 


D.S. Dugdale, 


Tue following 
announced Tr. S. ¢ 
applied mathematics ; Dr. R. C 
lecturer in applied mathematics Dr 
Speedicut research fellowship in| mechanical engin- 
Beech, United Steel Companies’ fellow 
Andrew 
Desch 


eering: J 
ship in metallurgy ; D. H. Warrington, J. H 
fellowship in metalhirgy ; A. Mitchell, C. H 


research fellow ship 
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Announcements 


BERNAL, professor ot plivsies n Birk 


University of London. has been elected 


Pror. J. D 
beck College. 
a member of the Czechoslovak Academy of Sciences 
outstanding contribution 


in reeognitiron of h 


scrontifie knowledge in the field of physics 


Sik THOMAS SCRIVENOR, ce puty high conunission 
the Bechuanaland Protectorate are! 
been appointed 
Agricultural Bureaux 


for Basutoland, 


has secretary of th 


Swaziland, 
Commonwealth 
Biological Engineering 
April 29. The 


in particular 


the 
Ry istol on 


meeting of 
held in 


will be visiting the Universit, 


THe third 
Society is to be 


Society 
the Department of Amesthetics and the Barden 
Neurological Lnustitute Further information can 
be obtamed from Dr \ Nightingale, Physics 


Laboratory, St. Thomas’s Hosp tal, London, S.E.1 


\ GENERAL meeting of the Assoc 
Biolog sts is to be held at the Manor Honise 
sted Experimental Station, Harpenden, on March 10 
Physiologs 


‘tation of 


Apple 


Rotham 


The meeting will inelide a sy mposium on 
of Field Crops”. Further information can be obtained 
from Miss G. N. Thorne, Rothamsted Expermental 
Station, Harpenden, Herts 


\ ONE-DAY symposium on the application of inter 
ferenee microscopy to problems of research is to 
be held by the 
March 15 in its 
W.C.1. Further information can 
General Secretary, The Royal 
Tavistock House South, Tavistock Sqiiare, 


Microscopical Society on 
Tavistock House South. 
be obtained fron 
Microscopical 


Loval 
rooms at 


the 
Society, 


W.C.1. 


THe fourth sympositun in agricultural meteorology 
will be held in the University College, Aberystwyth, 
on March 8 Soil Climate 
with Special Reference to the British Isles” Pa: 
ticulars can be obtained from Mr. James A Taylor. 
Department of Geography and Anthropology, Unix 
ersity College, Aberystwyth 


The topic for discussion is 


Tue fourteenth Laboratory Animals Centre Con 
gress is to be held at the University of Bristol during 
\pril 10-11 Admission to the 
mvitation only Forms of application and further 
information can be from the Director. 
Laboratory Animals Centre, Medical Research Coun 
cil Laboratories, Woodmansterne Road. Carshalton. 


Congress is by 


obtaimed 


Surrey. 


THE Third Australian Spectroscopy Conference will 
be held in the Chemistry School, University of Sydney, 
during August 22-24, under the sponsorship of the 
Standing Committee on Spectroscopy of the Aus 
tralian Academy of Science. The will 
cover all aspects of pure and applied spectroscopy 
including the newer fields such as resonance spectro 
scopy. Further information can be obtained from 
Dr. L. E. Lyons, Departmen of Physical Chemistry, 


Conference 


University of Svdney. 


GEOCHEMICAL LABORATORIES, Lrp., 2. Elmfield 
Avenue, Teddington, Middlesex, announce that these 
Laboratories, hitherto carried on in partnership by 
Mr. H. B. Milner and Mr. A. H. Clarke, will be con 
tinued by Mr. Clarke under the same name. Mr 
Milner will continue to be actively concerned with 
the Laboratories and has agreed to act as eonsultant 


and adviser. 


|| 
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RECENT DEVELOPMENTS IN PLANT 


Association of Applied Biologists held at 
Recent Deve lopments im Plant 
on January 20 at the British Museum 
Natural History). The symposium was we lLattended 
and appears to have been apprecrited 

Dr. H. ©. Gough (National Agricultural Advisors 
Service, Cambridge), speaking on “The Importance ot 
Viant Parasitic Britain’. 
that thre of Heterodera, are 
H. rostochiensis infests at a 


Nematodes im pomted out 


root nemiaat Species 


the most serious pests. 
detectable level more than 80 per cent of potato felds 
Holland, 
the Ish 


Lincolnshire, and about 40° per cent im 
of Ely about 10 per cent of the total potato 
in eastern England is infested badly enough 
Im the 


hae to be 


ease of glasshouse 


controlled by 


To Cause SETLOUS crop loss 
the often 
steam sterilization. /7/ 


pest 


costly schachti: mtests about 
2 per cent of the total beet-growimg area, and a sugar 
beet eelworm order was introduced im 1943 to reduce 
the spread and build-up of the pest by control ot 
cropping Pea eelworm could 
well become a serious pest in the rapidly expanding 
Stem Liitylenchus 


is MOst serious On nareissus and tulips mi the 


root qottinqeana 


Vining pea imdustry. eelworm, 
psaci, 
bulb-growing areas. On nareissus, it is controlled to 
a considerable extent by regular hot-water treatment, 
bat on tulips no similar satisfactory treatiment has 
devised. Stem eelworm in oats ts fairly 
though prevalent in’ northern 


Britain. but losses can be prevented by the use of good 
} 


vet been 


read, most 


resistant varieties of oats 


1 phelenchoiles ritzema 
host on chrysanthemums, always a serious potential 
pest, Is controlled by 


now parathion dipping of 


stools and cuttings at a very low cost. 
Dr. J. B 


Taxonomic 


(Rothamsted) chose as his topu 
that the 


progress 


Coode 
and claimed 
has led to 
problems in 


Relatedness’’, 
recognition Of Thew species 
solvimg refractory 
He illastrated this by referring to the fragmentation 
of the old taxa Heterodera schachtii and H 
into a number of recognizable species of Heterodera 
and respectively In Ditylenchus 
progress although the 


nematodes are now split into three species, 1) di psa ; 


some nematology 


marion 
less 


Me loidoqune 


has been made, for stem 


still recognized as conta rung biologieal 


Work on NX phinema dive 


virus vector, shows that the standard monograph, 


races . sicaudatum, a 
containing the deseription of this species, appears to 
err. The variation shown by this nematode is exten 
<ive enough to suggest two possible species if only 
the extremes are taken, indicating the need to treat 
taxonomy dynamically with the study of plenty of 
It was suggested that the taxonomiust 
The 
the 
consideration of about 150 aspects of a nematode, and 


living material 
should not regard himself or others as infallible. 
adequate description of new species requires 
while to others his work might appear intuitive and 
<ubjective, his feet are kept firmly on the earth by the 
necessity to explain unambiguously his conelusions 
to sceptical colleagues 

In discussing The Keologyv of Soil Migratory 
Nematodes”, Dr. R. D. Winslow (Rothamsted) 
detined these nematodes as those root-feeding mem 
hers of the Tylenchida and Dorylaimoidea in which the 
evstic. In the soils investi 


ter ale does not heconie 


NATURE 
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vated by him at Rothamsted and elsewhere Pratylen 
Paratylenchus, Tylenchorh mehus. Rotylenchus 
and Helicotulenchus are most common, with Pratylen- 
hoides, Criconemoides, Hemicy liophora, Trophurus, 
and 7) 


crops at 


chus, 


Longidorus, Niphinema ichodorus occurring 


oecasionally In arable Zothamsted and 
Woburn (Beds.) highest numbers of total nematodes 
ind of total Tylenchida oeceur in late summer or 
autumn. Generally at Rothamsted, and in some cases 
at Woburn, these numbers are well maintained during 
winter, fallmg in spring to a minimum im May o 
Other affecting 
numbers are vegetation, soil-type and pH. 


nemiat ode 
Cereals 


June factors great ly 
venerally support more plant-parasitie and other 
nematodes than do potatoes and sugar beet Spiral 
nematodes are numerous in the heavy soil at Rotham- 
sted; very rare in the lighter Woburn soil. Pratylen 
thus pratensis is associated with low pH on a hay 
field at Rothamsted (probably due to pH affecting the 
the the 


avende is associated with 


botanical composition of sward), whereas 


phe h “a 


In forest nurseries Hoplolacmus unilormia, 


fungivorous 
high pH 
Trichodorus pachudermus and 
with relatively high pH 

Mr. F. G W first briefly 
summed up the present state of knowledge of ““The 
and Host-finding by  Soil-inhabiting 
Nematodes” by saving that there 
no evidence ot nematode response to 


avenae are associated 


Jones (Rothamsted) 
Onrrentation 
Plant -parasit ie 
appears to be 
pH gradients, and that tests on response to tempera 
ture gradients have not been made. There is evidence 
of response to moisture gradients, to carbon dioxide, 
to certain acidic oxidizing and reducing compounds, 
unknown constitution and 
possibly to the produets of bacterial activity im the 


to root exudations of 


Response to redox potentials and to 
He then deseribed 


rhizosphere 
electri 
some of his own work on the behaviour of various 
nematodes. Turbatrix acet:. Heterodera schachty larvee 
and Ditylenchus di when ¢ xposed to electrical 
gradients. Nematodes respond to ele etrical gradients 
of more than 30.m\ 
long, this represents a change of 
In a gradient of 100-200 
moving at 


currents is also known 


mm., and, as many nematodes 


are about | mm 
potential from head to tail 
D. dipsaci, whieh have been 
random, tend to move more spastnodically and to 
Often, after this 
preliminary swinging movement, the head tends to 
face the cathode, followed by free 


it. When the current is reversed, movement follows, 


swing their heads in a wide are. 


swimming towards 


leading to a reversal of the direction of swimming 
Mr. C. ©. Doneaster (Rothameted) showed a film of 
Nematode Feeding Mechanisms This 
illustrated the feedmg of spear-bearmge nematodes 
with stomis In the first 
the spear repeated], 
against a fungal hypha followed by a rapid pumping 
action of the valve of the median bulb. thus ingesting 
the eontents of the hypha but in 4A phelenchoides 
ritzemabost, feeding on mesoph vl! cells of Stellaria 
media in a water mount, the median bulb shows only 


SoTHe 


and those open group. 


phele nehus avenae thrusts 


gentle pulsation while the spear ts inside the cell. 
It was suggested that feeding in A 
be more the tapping of ce I] sap under pressure. In 


ritzemaboat may 


the second group, Di plogaster sp.. Pelodera lambdiensis 


| 
‘ 
Je 
2 


re 


In vlog 
bulb), which 


through tiv 


mal Rhatatit ure 


food parts i 


im DY the 
tri-radiate humen of the corpus (first 
rathes pipette Phe lunven 
of the 


valve 


closed « tolv and acts 


ilb. food 
ond bulb by a 


am be 


“as the first is transferred 


through th wave ot 


sthrus and 
peristaltic-like action caused by 


sneceessive contrat 
tri-rachate 
and PR 


tions of the radial muscles surrounding the 
In lambediensis 
ond bulb has 


three 


plates wi ch move backwards mto a cup-lk 


Phe whol 
hee clivisible 


alve 
process of feeding is very coTipies 
imto the following stages 

forepart of the 
back 
peristalsis the eup 
tood 


mito the 


appears 
open, drawing 


the pre 


mid. on el food colleets the 


sthirnus food mass is carried further 
to the valve wave ot 
thee 
the valve 


ther with 


whking the through 
which them k 
whole of the 


cup collapses 


back eup 
part ot the 


food 


the cesophago-imtestinal eanal behind it, this 


Hapes, 
the anterror 


the forcing the mite 
canal 
showing ‘peristaltic’ dilation and collapse 
H Wallace totharmsted m 


Plant Reaction to Nemat odes 


listed) some of these Hetions he mentroned round 


at 
discussing 


Parasitism by 
of cells and loosening from one another, possibly 
Vines in tissies attac ked by 
the tornmation of giant cells on 
Hetevodera Velo 


ndicatimg the presence of growth hor 


attacks and 


roots 
spp 


possibly 
cell hyperplasia and hypertrophy m roots 
anc extensive 
Pratylenchus 


attack 


ittacked by Radopl lis necrosis 


rmeociated with the invasion of roots by 


spp He went on to deseribe his work on t he 
n phelenchowles 


ON In susceptible varieties few cells appear to be 


le nV by 


attacked. the nematodes remain very near thei point 


of entry, and reproduction goes on ; but mm resistant 
varieties rnany cells are attacked, the nematodes move 
and there is almost no reproduction 


far and wide 


Resistant varieties show rapid and extensive leat 
discoloration associated with the enzymic oxidation 
of plant polyphenols, and it is suggested that ther 
is an absence of some nutritional factor in these leaves 
Dr. Wallace ended by 
ivnorance of the 
biochemical ones, of nematode parasite and plant 
Dr. RS. Pitcher (East Malling Research Station 
spoke on “Nematode Veetors of Virus Diseases * and 
said that it the Hewitt and 
Raski in California that first showed the transmission 
He stressed that though this 
right, it should 


of the complex inter relationships ot 


stressing the state of ou 


inter-relationships, part icularly 


was pioneer work of 


of virus by nematodes 


work is lmportant m its own also 


stomulate stich 
ind other 


nematodes soil inhabiting’ pathogens and 
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tru 


that have been 


ation t the lant 


the - bower those 


nematodes could be classified as having 


destroved by air-drving of soil, and whil 


itted by 
nieetivits 
tobaceo rattle which is transmitted by 7 hod 

pachydermus, has rod-shaped particles, the others ha 
fanieat of grey 


for example 
and 


sOmetrie partic lees, 


and A 
radatum respective Iv ancl ‘tormmato black 
Dhere is a 
presemi of nematode 
Dorviaimoidea, with 


peach vellow buck arabis 
mitted by Ni phinema 

livers 
transmitted by Longidorus elonqatus 
correlation of disease and the 


which are all 


long 


members of the 


relatively when with most 
bers of the 


aes virus vector 


spears 
Tvlenchida, none of 
The means by 


compared 
men of which is known 
which virus 
mession takes place is unknown and, as vet. a& Tart 
for speculation 

Practical Problems and Recent Trends im Nema 
Control was the topu chosen bv Mr. F. ¢ 
Peacock (Plant Proteetion, Ltd Hill), whe 
said that many of the earliest nematicides which still 


halogenated 


tode 


Jealott ~ 


vive are hvdroearbens 


substances 


wood service 
are generally phytotonxt 


Methyl 


dibromo-3-chloroproy ane “ 


amd relatively volatile 


! 
and DD are 


brornick earl) 


examples and more 
recent one A second group of menial cules are the 
parathion has been used for 
years ; 2 4-1 

‘ nvl-, O-diethvl phosphoro! hioate and diethy| 


relatively 


organie phosphates 


more recent examples are O 


phosphorot group of com 


and 


pyraziny | 
non-volatile insoluble 


high meniatremdal 


pounds is 
but 
and low phytotoxteity, albeit high manunatian 
sterilant- 


water, has and residual value 


City Dithrocarbamates make good soil 
but have high phytotoxterty 
nematodes is said to be due to the breakdown product 
Various sulph iw compounds, 


prepara 


their action against 


methyl /sothioevanate 
such as chloropheny! methvl rhodanine, have 
phytotoniceity which ts seed-bed 


tion, but the tetrahydrothiophene dioxides and tri 
have 


useful im 


(occurring im Tagqetes erecta low 
Recent ly 
mereury incorporated im 
The that a 


officinalis roots inhibits nematode attack has led to 


thiophene 


phytotoxicity. oxide ot 


the use of vellow 


soil has shown promise 


observation glycoside from Asparagus 
an investigation of the systemic use of malere hvadra 
zide and other suibstances, applied to leaves to prevent 
either by the exudation of toxt 
inhibition of attractive cdiffusates. 
the preferable killing of already 
Peacock finished 
that 


roots 
material or the 
or theoretically 
established parasit 1 nematodes. Mr 
by stressing the need for good husbandry so 


attack on 


nematicides are only supplementary tm function, arel 
the need for that different nematorck 


diseases need treatment by different 


nemat icides 


AREA OF RESIDENCE OF MENTAL HOSPITAL PATIENTS 


NE of the Registrar Cieneral’s series of studies on 

( ) medical and population subjects contains detailed 

statistics about the areas from which patients wer 

admitted to mental hospitals in England and Wales 

1957 St Vedical and Population 

No. 16; Area of Residence of Mental 
HV G7. net.) 


during diea on 
Subjects. 


Hospital Patients 


The addresses of patients at the time of admission 
have been classified according to the administrative 
areas in which they are situated tables are 
given showing, for the first time, the 
admissions from each county borough and administra 


Separate 
numbers ot 


tive county and from each metropolitan borough in 


the County of London Figures are given separately 


the 

act 

‘ 

im 

= 
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and for cer ave-groups and diy 
otal admissions to mental during 1957 
itedd to 


the first tu 


of which 48.266 (or 


patients acdrittes 


Separate are given 


loissions (that is, first admissions and all re 
and first admissions from each area and com 


either Most of the 


based on the total number of 


OTL 


parisons be made on basis 
ires which follow are 

ons and not on the number of persons adimitted 
therefore reflect 


not necessarily differences 


proportion ot persons im an who were 
to a mental hospital during the year 
total mumnber of admissions, 6.859 came from 


while admissions from the 
Kent, Essex, 
4.722, 3,674 


total of 


London 
Middlesex, 


ninnbered 


ountyv of 
Surrey and 
4.054, 3.214 
LOT) re 24,004 tor 
the \mony the 
counties outside Greater London. the highest mumbers 
(2,947 


ine spectively, giving a 


London surrounding counties 

of admissions were of residents im Lancashire 

ind the West Riding of Yorkshire (2.395 
Although the 


of admissions, 


vohime only contams figures of the 


nunibers it is possible to relate these 


stimated populat rons of the areas at 


boroughs with the high 


with the « orresponding 


tigures to the 


The 


est mumber of 


give 


ten eounts 
1.000 of the resident ron, 


were as follows 


i-Trent 
on upon Hull 
and the West 
1-5 pre 


Lancashire 
and 


Adimuission-rates for 


Riding of Yorkshire were 1-4 
respectively 

Among individual metropolitan boroughs of Lon 
don those having the highest rates of adrmission wer 
Newington with 2-14 (144 


Stoke pet 


re 


with 2 


144 


Lan oof the 


Ste pores 


population 274 and 
respeclive ly 


those 


higher rates of aclmussion are not concentrated 


counties With a greater degree of industrial- 


vation For « xanmiple, the rates for Staffordshire and 

Durhan: were and 1-6 compared with 2-5 and 2:1 

per 1.000 of the population, respectively, for ¢ ornwall 

and Norfolk 
There were 1.953 

abode, or 1-7 per cent of thee 
these the 

913 or of 


ons OF poate nts stated 
have no fixed 
momber acdmutted 


re-adimissions Was per cent, a tig 


national percentage of 46 Phe admiussroms 
resident outside England 


cent of the 


above t he 
nortially and 


ISS or 0) 


oft patients 
Wales 
number of 

Among the causes of admission, mantce-depressiv 


niombered total 


aa 


largest proportion for 
whol Of the 


to character, 


contributed thie 
and Wales as a 


reaetion 


England That 


total of ons cue behavior 


4400 were 


and intelligence disorders, from the Count 


of London and a further 322 were of peopl with me 
tixed abort In 1.954 out of the 


resulted from s« hizophret ia (28 per cent 


London, 6.850 
and 30 per cent were for mane depressive reaction 


The 


admissions 


proportions clus schizophrenia among the 


the ‘ count boroughs shown 


above were 


By comparison, the proportions due to schize 


phrenia among the admissions trom the predomun 
antly rural counties of Cornwall and Herefordshu 
were Ll and & per cent respectively 

Of the first for the 


6.906 were reported as due to sé hizophrenia (14 pe: 


whole country, 


cent) compared with 13,902 admissions or 29 per cent 


for manic-depressive reaction 


COMMUNITY MENTAL HEALTH 


grant from the 
Hospitals Trust, Political 
begun a three 
Brijam 


yenerotis 


the anid of a 
Nuftield Provineil 


Eeonomic Planning has recently 
of the mental health services ot 


and 
studs 
vith particular emphasis on the subject of community 
care The work is under the control of a steermys 
group, the director of research beimg Dr. F. M. Martin. 
of the University of Edinburgh. A 
titled “Community Mental Health Services 
background to the and 
and in what directions, research is necessary * 

The part of the research programme of 
Political and Economic Planning will take the form of 


broadsheet, en 
vives a 
shows why, 


veneral work 


yreater 


a study of the actual operation of community mental 
Districts 
chosen for study primarily because they have already 
and interesting 
pro. 


health services in selected areas. will be 


developed distinetive patterns of 


eare, such as might models for 


It is hoped that, m at least some areas, 


COM 
other areas 
it will he possible to work in association with locally 


Mental 
onomic 


1h) Community 


Political and Ee 


December 


* Planning. 26. No 7 (12 
4 7 mdon 


Health Services B37 


nning 


who are already interested 
concerned in the study of mental health 
An assessment of a particular form of 
the 
these cannot be 
It will be parti 
estimate of the 


based re search worke rs 
or actively 
Services 

take account of 


Prt 


organization of services 
statistics Of patient movement, 
adequately evaluated in isolation 


eularly make some 
social and personal consequences for 


their families, of different patterns of care, and to 


important to 
patients and 
study closely the nature of the community services 
provided. 

In view of the wide variety of workers likely to be 
engaged nm community care, and of the contradictory 
Views which have heen « xpressed on their place itt 
the mental health services, tt be of interest 
some systematic analysis of the work 
actually performed by health visitors, psychiatric 
social workers, mental welfare officers, and so on 
In this way it should be possible to set an analysis 
of professional functions against an analysis of the 


would 


to attempt 


needs of patients and families. and to consider how 
related to one another \ 
should also take account 


they can be 
st 


effectively 
comprehensive area 


ATURE 
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of the part played by voluntary organizations and 
of the work of the family doetor, whose potential 
hort -term ane lony-term eontribution to a 
community -orient ed mental health service has vet 
bn satixfactorily le fine ad 

In the mental deficieney  tield, where there is a 
onger tradition of community care, there seems to 


tewer self-conscious ¢ xperiments m progres- 
outside the hospital eryviet Most local authorities 
appear to believe that the «te sirable pattern of care 
has been fairly well worked out, and that they know 
what goals thes should be amine here is litth 
or nothing on the mental subnormality side com 
earch now im progress, or bemyg 
There may therefore 


pear ible to the re 
planned, for the mentally il 
be fewer opportunities for collaborative research, 
but it would be desirable, m= areas selected for 
mtensive study, to eNarnine how mental si bnol 
ality serviees function, and how far they meet 


the needs of the mentally subnormal and thei 
farnilies 

Another issue, deeply involved in the functioning 
of mental health services, 18 that of public attitudes 
towards mental disorders The beliefs and attitudes 
vhich are, m facet, prevalent in different segments 


eociet vy must inevitably mfluence the wav in which 


NE me mber of the tribe Anachritew ot the 
() family Hvdrocharnitace, Elodea canadensis, has 
long been established im New Zealand and is now 
vell known and idespread R. Mason, of the Botany 
Division, Department of Seientifie and Industrial 
Zesearch, Christ church, has now collated information 
from recent expeditions about this and other species 
in the family (Neu Zealand J. Sei., 3, No. 3; 
™ ptember 1060) 

E. canadensis has not been as aggressive or so fast 
spreading m New Zealand as in Britain, in spite of 
its initially rapid spread in New Zealand. Cheeseman 
1920), when recording it for Featherston, said, 
Considering how rapidly this plant increased when 
first introduced into Britam, it 1s somewhat remark- 
able that its spread im New Zealand has been slow 
since its first imtroduction In 1906, 35 
vears after its introduction, ¢ heeseman had only three 
listed districts, Mongonu, the Bay of Plenty. and the 
In 1922 Thomson said it “ims now 
Judgmg by 


Canterbury Plains 
abundant throughout New Zealand 
its distribution as known at present, if Cheeseman 
perhaps understated the extent of its distribution, 
Thomson overstated it As New Zealand conditions 
are different from those im Britam or Europe m many 
Wave, the beha pu} of this plant would be expected 
to differ. In New Zealand BE. canadenses would have 
met more vigorots competition from watercress than 
mm Britam, tor watercress had been introduced im 
New Zealand less than twenty years before and “it 
noamediately spread aggressively and grew to an 
jmmense size tar exceeding anything seen im (Creat 
Britam 

It is not known how abundant Egeria densa was 
in the Waikato when it was first collected there im 
1946, but to day it seems the commonest weed m the 
river from Rangirmr downstream as far as fresh 
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rental health services function They are likely to 
affect what is defined and recognized as “mental 


iIIness, to condition the response oO! farmilies 


t 


iIInews in one of their members. and to imfluence 
both the demand tor treatment and the post hospital 
resettlement of former patients There have not 
been many systenatic studies of attitudes towards 
rental disorder; but it seems that the structure of 
such attitudes is, in fact, comple x. that their poss cho 
logical roots are deep. anda that they have an 
important irrational component It may be profitabl 
to consider undertaking certain limited studies o 
attitudes and beliefs, possibly im the areas chosen 
for general investigation. The studies may be 
confined, in the first instance, to the close relatives 


‘ 


of psychiat rie patients, and to certam professional 
groups having special responsi bilit res for the eare ot 

the mentally disorce red 
The seope of Political and 
precquairy will depend on the degree of collaboration 
with other workers, and on the extent to which 
There is 
every reason to hope that even a modest set of 
operational studies of the work of the mental health 


Planning 
further resources become available 


services may make a useful contribution U 


further development of communitt care 


water aquatics go —~ some 35 mules or x Im 145s. 
large beds of the weed were found wherever the river 
was examined ; the weeds reached the surface alony 
the river edges and formed submerged weed beds 
well into deeper waters. In Whangape Lake, it was 
found to form broad beds a short distance off-shore, 
apparently stretching all the way around the edge 

In Waihou River, where it was found in November 
1959. it seemed to be seattered m patehe < rather than 
in large-size, contimuous beds 

In 1850, when Lagaros phon major Was found im 
New Zealand, it almost covered the bed of the 
Waiwhetu Stream m its lower reaches above tidal 
influences. According to \. P. Druce it 1s still abun 
dant and is mixed with Elodea canadensis Druce also 
recently found it m a cut-off of the Hutt River 
behind Barton's Bush, about 84 miles from Woburn, 
the nearest previously known station 

In Lakes Rotorua, and in Hamilton Lake, vrowth 
of this weed is sufficiently great to mt rfere seriousl\ 
with fishing, boating and swimming. At Rotorua the 
position has become 80 alarming that a special 
committee, including representatives of the Depart 
ments of Agriculture, Lands and Survey, Internal 
\ffairs and the Marine Department, has been formed 
to tackle the problem of controlling and destroying 
the weed. 

The weed has only recently begun to grow with 
such vigours, although it has been present m the Lake 
for a long time. It has been suggested that aerial 
top dressing im the district has suddenly increased 
the fertility of the Lake water; It far more likely 
that the less-vigorous E. canadensis has been present 
for many years and that L. major is @ much more 
vigorous newcomer attracting attention 

Mason also describes the establishment and means 
of distribution of all three species 
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CHOICE OF TREE SPECIES 


issued by the 


PUBLICATION on 
A Food and Agneculture Organization 
meke one What has forestry to do with food 
recent 
Tree 
are told that it is a contribution to the 
World Forest Planting Manual. about 
One mext 


forestry 
tends to 
ask 
and introduetion to a 
Forestry Development papel 


agr.culture Tre the 
entitled Choice of 
S pecies*®. we 
which 

For 
Its primary object is 
is known about the 


venereal 
t gives no information. asks 
Whom os this work intended ? 

what 
the 
the 


said to be to stimulate foresters 


more 
stated) to be to summarize 
should 


n reaching a dec 


factors whic h guide practising forester 


sion about choice oft species 
hie second object 
and 
presented m this book. 


be Sab d 


the often imadequate infor 

With regard to the 
right away that the 
im respect both of thi 


to armpits correct 
pon 
thitist 


tirst 


object it 
is extremely faulty 
completeness of the mformation and of the manne 
With regard to the second object, 
that the aun of a publication 
but infor 


its 
seems to unply 


furnish iumformation to ask for 


is not to 
mation 
This type of publication is a feature of the present 
The setting up and staffing —at considerable 
of global organizations from above down 
wards instead of building them on well-founded 
services from below upwards lead to attempts beiny 
text intended to be of 
time not vet when 
the face of the 
vlobe to one monotonous landscape. Perhaps in no 
field is there a greater variety of working 
conditions than in forestry. As the author, or 
authors, say (p. 69), ° It is, of course, quite impossible 


day 


eX pen ‘ 


produce books 


The 


will 


tO 
has come 


reduced 


iniversal use. 


natural agencies have 


othe: 


rules on the selection of species 


yeneral 
and sites for production which would be applicable 
Nevertheless, they have 

Then again (p. 170) it 
available from 


to siurgest 
n all cireumstances”’. 

attempted the impossible. 
is admitted that “The information 
different parts of the globe is so variable that uniform 


® Food and Agriculture Organization of the United Nations 


Forestry Development Paper No. 13 Chowe of Tree 
r Organization of the United 


0 (Rome Food and Agriculture 
H.M. Stationery Office, 1960.) 17a. 6d.; 3.50 


Species 


Nations London 


s not possible mitorm presenta’ 
There 
especially mm 


Enyvlish on the 


presentation 


been achieved SeTIOUS Laps 


has not are Very 
in the 
European COUNRTTIOS 
subject have been overlooked ; recent developments 


unrecorded : 


consulted respect of 


some works in 


in the study of the major site factors ai 
conclusions are accepted and illustrations reproduced 
from examples of plantations too young to have 

there is a lack of diserimin 
relative importance of the 
there is a very evident 


proved their suitability 


ation m assessing the 
many publications quoted ; 
bias in the selection of maternal and too narrow an 
outlook on this extremely difficult problem. 

The fact is that it would be unwise to recommend 
practising forester that he should purchase 
hook of such a global 
that he 


available in respect 


to any 
better 


and consult this book — or 


would be far should be 
the literature 
field with 
To help him in this, all that is 
literature referring 
the task 
Commonwealth 


Type it 
advised to consult 
of the 
areas like it 


narrower which he is concerned. 
or of 
required is information on the 
furnish which jis 


the 


conditions, to 
admirably — performed ot 
Forestry Bureau, Oxford 
The age of the 
No one is qualified to undertake satisfactorily such 
a tremendous task as that attempted in this case 
The eves of a fool are in the ends of the Earth. It 
was unwise of the Food and Agriculture Organization 
to sponsor this book, and one can only offer sympathy 
mto through “a 


to his 


SU has not vet arrived 


to those who were enticed wading 
vast amount of heterogeneous literature to produce 
it. It is understood that the Organization is assisting 
dealing with certain 


This is more rational 


with forestry publheations 
restricted geographical regions 
and should prove more useful. 
If one is eclectic and chooses the parts of special 
interest to there value to 
be had from the book. Part 
four widely 


is something of 
3, for example, consists 
of monographs on differing 
Norway spruce, Monterey pine, teak and blue gum, 
which demonstrate effectively the wide differences 
render difficult the 
ANDERSON 


oneself, 


species 


among tree which 


writing of a global text-book. M. L. 


Species 


ENERGY-LINKED CYTOCHROME OXIDATION IN MITOCHONDRIA 


By Pror BRITTON CHANCE 


Johnson Research Foundation, University of Pennsylvania, Philadelphia, Pennsylvania 


study of succinate-linked reduction of 
| pyridine nucleotide in mitochondria was begun 
some time ago'. More recent work demonstrates that 
reduction of diphosphopyridine nucleotide in mito- 
chondria is an energy-linked reaction having a 
definite requirement for internal high-energy inter- 
inediates* or for adenosine triphosphate itself*. 
\ithough previous attempts to demonstrate a require 
ment for adenosine triphosphate faiied?, these 


recent experiments demonstrate the possibility of 
driving electron transfer reactions in the respiratory 
chain in reverse by means of high-energy inter- 
mediates, and it has been of interest to determine 
whether or not cytochrome reduction induced 
by substrate could be reversed by adenosine 
triphosphate, a possibility that is particularly attrac- 
tive in connexion with theories of active transport*.® 
and photosynthesis as well. (Lundegardh* has 


ie. 
a 
Re 
10 
fs 
| 


720 


etiect of 


interaction of ©, tochromes 4 


reported an adenosine triphosphate (and 


furnarate on the and 


n anaerobi roots, cytochrome dh being 


med over in tate of strong reduction under 


influence of adenosine triphosphate (and fumarate 
isly with 


1 he 


rendered ambiguous by 


evtochrome 6 remaiming more 


of this 


iitaneort 
dized 


ilt is 


interest ing 
the fact that the 
wheat and 
not been confirmed 


interpretation 


existence of eytochrome dh in roots 
other plant or animal tissues ha 
by other 
pectroscopys ol 
and W. D 

The present 
ime triphosphat« causes the oxidation of evtochromes 
the dithionite or 
respiratory imbhibitors such as cyanide or 
Stoichiometric and kinetic results indicate 
inhibitor 
interaction ot 


us using liquid-nitrogen 
Chance 


workers’ nor by 


wheat root mitochondria (B 
jomner, jum., 
article re ports that addition of adeno 


unpubl shed observations). ) 


of mitochondria in presence of 
terminal 
sulphide 
that this is a 


tuches 


efficient reaction ; 
suggest than one site of 
adenosine triphosphate with the 
lhe relationship of these results to the responses of 
to wienosme diphosphate* the 
mitochondria 


fairly 
more 

rt Spiratory chain 
eytochrome and to 
adenosine triphosphatase 
apparent 


activities of 
that 


cytochrome, 


are discussed It i oxidation 


the 
reduct states of the flavoprotein and 


the pyrid ne nucleotide components of the re spiratory 


ron 


chain are as well controlled by the adenosine tri 


phosphate and adenosine diphosphate morganic 


phosphate levels as by reductant and oxidant 

Preparations heart mitochondria 
prepared by a procedure developed in this laboratory 
(Chanee, B., and Hagihara, B.. 
Fifth International 
preparation) involving the use of B. subtilis proteinase 
With succinate as substrate such mitochondria have 
respiratory control (usually 4-5) 
P/O values of 1-8 with respiratory activities corre 
sponding to a turnover number of cytochrome ¢ of 
6 sec.-' at 26 Freshly prepared rat liver mito- 
chondria® and ‘digitonin particles’’® were also used 
(Thanks are due to Mr. K. Kaminker and Miss H. 
Diefenbach for pigeon heart and to 
Dr. U. Fugmann for ‘digiton'n’ preparations.) The 
reaction medium was free of phosphate and magne 
sium and consisted of 0-27 JJ mannitol, 0-03 M 
sucrose and 0-01 M tris pH 7:3. The temperature 
of the experiments The cytochrome ¢ 
concentration under the conditions of the experiment 
ranged from | to 2 uM. 

The double-beam spectrophotometer™ set at 
appropriate pairs of wave-lengths for cytochrome 


Pigeon were 
in Proceedings of the 


Symposium of Biochemistry. in 


ratios 3 and 


preparations 


was 26 


components was used simultaneously with a recording 
fluorometer for measuring pyridine nucleotide redue- 
tion. The latter employed 365 my for excitation and 
$50 mu for these wave-lengths bemg 
obtained by appropriate filters. 

The split beam spectrophotometer was used at 
room and liquid nitrogen temperatures to identify 
cytochromes affected by the addition of adenosine 
The optical path-length was 1 mm. at 
The trap] ed 


recording 


triphosphate. 


low temperatures. steady state’ 


method'? was used. 


Cytochrome Oxidation in the Presence of 
Sodium Dthonite 


Although cytochrome oxidation is observed on 


addition of aderosine triphosphate in the presence 
of terminal respiratory inhibitors, there is the 
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50sec 


Pyridine Nucleotide Reduction | 
365-©450mp 


of. 
4yM OPNH 


PN 


Cytochrome-c Oxidation 
550-540mp 


log I./I=0004 


Zero he 


Fig. 1. Oxidation of cytochrome and reduction of pyridin 
nucleotide caused by the addition of adenosine triphosphate t 
anwrobic pigeon heart mitochondria treats with dithionite 
suspended in mannitol-sucrose-tris medium (1-9 mgm. protein 
mil.). Concentrations of reactants added and the absorbancy and 
the concentration scales are indicated on diagram (Exp. 1934 


remote possibility in such experiments that adenosine 
triphosphate might somehow have interfered with the 
action of the inhibitor and have induced a eytochrome 
oxidation that was linked with oxygen and not with 
adenosine triphosphate. In experiments with dithion 
out to that an 


excess of dithionite was added so that the subsequent 


ite, controls were carried indicat: 


addition of adenosine triphosphate to the solution 
did not stir in sufficient oxygen to exhaust the added 
dithionite. This was done by titrating the dithionite 
solution with oxygen by means of the platinum 
microelectrode. 

An experiment typical of this work is indicated in 
Fig. I. Aerobic pigeon-heart mitochondria 
tially free of endogenous substrate) are treated with 


esseti 


4 mM succinate and cytochrome is recorded spectro 
photometrically, an upward deflexion of the trace 
corresponding to an oxidation. Pyridine nucleotide 
reduction is measured fluorometrically ; a downward 
detlexion of the trace corresponding to increased 
and increased reduction of pyridine 
nucleotide. The initial concentration of 
the suspension was diminished by bubbling nitrogen 
through the reaction that a value of 
60 instead of 240 uM is obtained. The dithionite 
solution described added 
to a final concentration of 110 uM in oxygen equiva 
lents and causes an abrupt decrease of the oxygen 
concentration to zero, as indicated by the fall 
of the platinum electrode trace. At this time 
there is a rapid reduction of cytochrome c. There is 
no reduction of diphosphopyridine nucleotide, veri 
fying that these mitochondria are free of substrate 
of directly activating reduction of this 
substanee. As soon as the anaerobic steady state is 
obtained, an excess of adenosine triphosphate is 
added (710 u.W/), and there is an abrupt oxidation of 
cytochrome ¢ and a reduction of pyridine nucleotide, 
the rates being respectively 0-42 uM iron/see. and 
1-2 uM reduced diphosphopyridine nucleotide/sec. 
The oxidation of cytochrome ¢ is transitory and its 
reduction soon follows, the half-time for the eycle 
of oxidation and reduction of eytochrome ec being 
about 15 see. The reduction of pyridine nucleotide 
proceeds exponentially to completion, and no re-oxi 
dation of this component is observed. This experi- 
ment indicates that the addition of 
triphosphate to anaerobic mitochondria causes an 
abrupt eyelic oxidation of cytochrome ¢ and a 
simultaneous reduction of diphosphopyridine nucleo 
tide. 


fluorescence 
oxvgen 


medium, so 


calibrated as above is 


capable 
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Aerobic PH 
Plus 

4mM Succmate 

360yM 

Fig. 2. Oxidation of eytochrome ind reduction of pyridine nucleot 
mitochondria inhibited with 360 aM sulphide Left, in the pres 
right, in the absence of succinat Concentrations, absorbancy 
scales are included in the figure. Mannitol-sucrose—!ris medium 


remperature, 26° (Exp. 1854-3) 


Cytochrome Oxidation in the Presence of 
Terminal Respiration bitors 


Results similar to those of Fig. | have been obtained 
in the presence of excess cyanide or sulphide An 
example of the latter is illustrated in Fig. 24. In 
this case the mitochondria are pretreated with 4 mM 
succinate and 360 uM sodium sulphide. This causes 
complete reduction of cytochrome ¢ but 
reduction of pyridine nucleotide. On the addition 
of 530 uM adenosine triphosphate, there is an abrupt 
at arate of 1-2 iron/sece. 


negligible 


oxidation of eytochrome 
and a corresponding reduction of diphosphopyridine 
nucleotide at a rate of 2-% uM/sec. The maximal 
rate of oxygen utilization in the absence of sulphide 
and in the presence of phosphate + adenosine diphos- 
phate (state 3) is uM /sec. in 2-equivalent units. 
Thus the rate of electron transfer elicited by addition 
of adenosine triphosphate is high. Similar results 
are obtained with rat liver and brain mitochondria 
and with ‘digitonin particles’. 

As in the case of the mitochondria treated with 
dithionite, the cytochrome oxidation is cyclic, 
although longer-lived. Further additions of adenosine 
triphosphate cause smaller cyclic responses of the 
eytochromes. 


Substrate Requirements for Pyridine 
Nucleotide Reduction and Cytochrome 
Oxidation 


In Fig. 26 the experiment shown in Fig. 2A is 
repeated without succinate. There is a slow reduc- 
tion of cytochrome c on addition of sulphide due to 
traces of endogenous substrate. Here the addition of 
adenosine triphosphate causes an abrupt oxidation of 
eytochrome ¢ to a higher level than was obtained in 


\Ge 
Reduced With 360uM No,S +4mM Succinate 
Minus Oxidized With ATP 


77°K 


465 505 525 545 565 585 605 
A (ry) 


Fig. 3. Low-temperature ‘trapped steady state’ of oxidation of 

cytochromes ¢ and a Pigeon heart mitochondria treated as 

indicated in the figure, 1-2 mgm. protein/ml, Optical path 1 mm 
(Exp. 1850-6) 
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the presence of suecmate. Pyridine 

only a small re- 

with that 
tre ated 


nucleotide shows 
ob- 
with 


duet ion compared 


tained im material 
succinate ; only 20 per cent is re- 
duced. Addition of succinate to the 
material treated with atenosine tri- 
phosphate allows reduction of pyri 
dine nucleotide to proceed to the 
same extent that 
Fig. 24. At the same 
chrome ¢ reduction proceeds, but at 
a slower rate than the rate of pyri- 
dine nucleotide This 
record confirms the previous results, 


was observed in 


time, cyto 


reduction. 


Jibrations and time succinate in energy-linked reduction 
i mgm. protein/m? of diphosphops ridine nucleotide? 


Effect upon Other Cytochromes 


To determine that a oxidation has 
detinitely occurred and to identify other cytochromes 
affected by addition of adenosine triphosphate, 
the ‘trapped steady state’ method of low-tempera 
ture spectroscopic observations has been employed 
in which the material in both cuvettes of the split- 
beam recording spectrophotometer is pre-treated 
with 360 uM sodium sulphide and 4 mM succinate. 
Just prior to freezing, 600 1M adenosine triphosphate 
is added to one of the cuvettes, and the spectrum 
representing the difference in absorbaney between 
the two is plotted in Fig. 3. In the interval (about 
15 sec.) between addition of adenosine triphosphate 
and freezing, absorption peaks corresponding to 
cytochromes ¢ and a have disappeared, the «, and 
a“, peaks of the former being clearly identified. No 
indication of cytochromes c, or 6 is given in this 
record, and it may be presumed that directly on 
addition of adenosine triphosphate their oxidation 
states have not been measurably altered. 


cytochrome 


Time-Course of Cytochrome Change 
To determine the time-sequence of the oxidation 


and reduction of evtochromes and a, and to determ- 


Pigeon Heort Mitochondrias 360uM 
Traces At Various Tires After Adding 300yM ATP 


\ imino 
0005 (icm) 


T T T T 
490 SIO 530 550 570 590 610 
a (rw) 
Room temperature difference spectra showing the time 
course of the changes in oxidation- and reduction-levels of cyto- 
chromes a, ¢ and 6. Experimental conditions similar to those of 
Fig. 2B, 1 em, optical path (Exp, 185¢-3) 


Fig. 4. 
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ine whether or not anv slow effects on eytochrome 
4h can be observed, we have recorded (Fig. 4) im 
the split-beam spectrophotometer room: te mperature 
difference spectra at three-minute intervals after 
adding 300 wll adenosine triphosphate to mito 
chondria treated with 360 uW sodium sulphide 


(suecmate being omitted, ef. Fig. 22 In accordance 


with the results of Fig. 3. the record shows clearly 
the oxidation of evtochromes ¢ and a as indicated by 
the disappearance of absorption peaks at 550 mu and 
at 605 mu Since this record was traced at about 
} mon. after addmg adenosine triphosphate, there 


already 


HHO 


appears a ci tinetive poak ut approxin ately 
After a 4-min is Observed that the 


tochrome ¢ 


wait, if 
smaller, as 
end of the 
and 


is considerably 
In facet, at the 


oxidation of evtochromes ¢ 


oxidation of ey 
is that 
fourth recording, the 
a has subsided almost complet lv. 
effect in the region of eytochrome / has developed and 
a distinet peak indicating reduction of cytor hrome 
has appeared This peak is broad and suggests the 


oxidation of more than one component 


of evtochrome a 


The spectroscopic 


Stoichiometry of Adenosine Triphosphate- 
Cytochrome Reaction 


In view of the 
triphosphate-driven production of electron transfer 


considerable interest in adenosine 
for the purposes of active transport, the stoichiometry 
bet ween triphosphate and cytochrome 
oxidation is relevant. Fig. 5A illustrates the titration 
oxidation with adenosine triphos- 


aclemosine 


of evtochrome 
phate in the absence of succinate, and it is seen that 
a plateau is reached with less than 10 u.W adenosine 
triphosphate. The titration curve is sigmoid, as if 
some other substances were beimg titrated prior to 
evtochrome ¢, or as if a certain redox potential were 
However, a stoichiometric relationship for 


require d. 
taken 


adenosine triphosphate and cytochrome ¢ is 
from the steepest part of the curve, which corresponds 
to 3 molecules of adenosine triphosphate per cyto 
chrome ¢ Since evytochrome ¢ is only one of four 
components observed to be oxidized simultaneously, 
the adenosine triphosphate electron value is approxi 
mately 1. This value corresponds fairly well with the 
value of adenosine triphosphate /reduced diphospho 
pyridine nucleotide of 1°8-2-7 for reduction of 
diphosphopy ridine nucleotide in mitochondria treated 
with succinate*. If the total adenosine triphosphate 
wided Is div ded by the 
found in eytochromes c, a and a, and flavoprotein, 
5-6 uM adenosine triphos 


total electron equivalents 


then the ratio is larger ; 
phate gave a total of only 1-5 one-electron equivals nts 


Cytochrome-c 


og [ATP] 


(ATP) 


8 


Fig. 5. Titrations of cytochrome ¢ of mitochondria treated with 
sulphide (no succinate ndded) under conditions to determine an 
adenosine triphosphate/cytochrome ‘stoichiometry’ (part A) and 
an ‘equilibrium’ (part B) In the latter case phosphate and 
adenosine diphosphate are present. The total cytochrome con- 
centration (¢ + ¢,) was 1°2 #M in part A, 1°3 «M in part B; 
360 sodium sulphide, 26°, mannitol-sucrose-tris-medium, 
pH = 7°4(Exps, 198), 203) 


2 NATURE 


March 4. 1961 
oxidized, presumably due to the sigmoid nature of 
the titration (Fig. 5A) 


Nucleotide Specificity of the Reaction 


In order to determine whether there is absolute 
specificity for adenosine 
the effect of various nucleotides on 
mitochondria that have been treated 
sucemmate and sulphide as in the previous experunents 
The the D triphosphates of ribosyl 
guanine, uracil, hypoxanthine and cystosine (72 uM) 
than | per 


changes 


triphosphate, we have 


tested pigeon 
heart with 
addition of 


yives no response (less cent whereas 
adenosine triphosphate observed im 
Fig. 24 This result is in with the 
specificity of oxidative phosphorylation for adenosine 
diphosphate", but differs the 
adenosine triphosphatase stimulated by dinitropheno! 


and 


accordance 


from specificity of 


magnesium! 


Effects of Adenosine Diphosphate, Inorganic 
Phosphate and Magnesium, etc. 


Experiments similar to those of Fig. 24 show that 
both ader:osine diphosphate and phosphate inhibit 
the rate and extent of the reaction, adenosine diphos- 
phate being considerably more effective than phos 
of their relative affinities in 
\ combination of adeno- 


phate an 
oxidative phosphorylation 
diphosphate and phosphate Is 
inhibitory, as would be expected from equation | (see 


OXPPress1on 


sine much more 


later). It is possible to titrate cytochrome ¢ with 
adenosine triphosphate in the presence of adenosine 
diphosphate and inorganic phosphate under the 


conditions of Fig. 28 (no substrate added) and an 
experiment on this point is given in Fig. 5B. It is 
seen that 50 per cent oxidation of cytochrome ¢ can 
be obtained with a ratio [ADP] [Pi)/[ATP] of roughly 


100, suggesting that im the absence of added sub- 
strate, oxidation of cytochrome c¢ is not difficult to 
drive’. Magnesium is inhibitory and 0-7 mM 
magnesium largely blocks the effects of 32 uM 


adenosine triphosphate under conditions similar to 
those of Fig. 2B, presumably by activation of an 
adenosine triphosphatase that with the 
cytochrome reaction 

Dinitrophenol uM) inhibits 
oxidation by 50 per cent Oligomyvein (1 gm./mil.) 
inhibits completely. Thus the energy transfer path- 
way by which ATP activates reversed electron trans- 
for is identical to that by which ADP is phosphorylated 
to ATP. 


competes 


cy tochrome f 


Effect of Ageing 


Ageing of the mitochondria to the extent that 
respiratory control is impaired causes a considerable 
inhibition of the rate and extent of pyridine nucleotide 
reduction and of cytochrome oxidation. The cycle 
of oxidation and reduction of eytochrome ¢ caused by 
the addition of adenosine triphosphate is considerably 
shorter, suggesting that the latter is expended not 
only in an energy-conserving reaction of diphos- 
phopyridine nucleotide reduction and cytochrome 
oxidation, but also in the dissipative reaction involving 
hydrolysis of adenosine triphosphate. 


Correlation with Adenosine Triphosphatase 
Activity 


Simultaneous measurements of breakdown of 
adenosine triphosphate upon its addition to mito- 


4 
| 
. 
Mox Siope 440pm Pi 
3 44pm ADP 
beac 
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chondria treated with succinate and sulphide have 
been made by pH measurement'® (unpublished work 
in collaboration with Drs. Saris and Ito) in order to 
determine the time relationships of adenosine triphos 
phate breakdown and the evtochrome and pyridine 
nucleotide kinetics. It has found that the 
breakdown of adenosine triphosphate under these 
time as the oxidation 


been 


conditions begins at the same 
of eytochrome and the reduction of pyridine nucleo 
tide It is further observed that the molar rate of 
breakdown of adenosine triphosphate somewhat 
exceeds the maximal rate of reduction of pyridine 
The rates of breakdown of adenosine 
have been 


nucleotide. 
triphosphate under 
compared with those observed in the dinitrophenol- 
activated breakdown of adenosine triphosphate and 
are found to be one-half to one-third the maximal 
rate observed These results do identify the 
pathway of breakdown of adenosine triphosphate im 
adenosine triphosphatase activity with the pathway 
of adenosine triphosphate utilization in cytochrome 
oxidation at the present time. 


these conditions 


mot 


Effects of Inhibitors of Electron Transfer 


Since adenosine triphosphate can mteract with 
pairs of respiratory enzymes and does not require 
electron transfer through the whole chain, the effects 
of inhibitors on electron transfer differ 
from those on oxidative phosphorylation obtained 
by electron transfer through the complete chain 
Amytal, quinoline-N-oxide, and antimyem A slow 
the responses of the carriers to adenosine triphosphate, 


Tey ersed 


but do not eliminate slow cyclic responses of cyto- 
chromes a and c. Flavoprotein and reduced diphos 
phopyridine nucleotide respond to the init ial addition 
of adenosine triphosphate (see Fig. 6), but after 
several further additions of the latter, the response 
of these components becomes negligible, pyridine 
nucleotide being completely reduced. In the system 
blocked with quinoline-N-oxide or antimycin A, 
the rate of cytochrome oxidation is so slow that 
electron through the inhibited site to an 
such as ubiquinone is & PoOssi 


transfer 
elect ron 
bility. 


acceptor 


The oxidation of flavoprotein and the reduction of 


with 


blocked 


indicate an 


pyridine nucleotide in the system 
quinoline-N-oxide would appear to 
interaction site for adenosine triphosphate bet ween 
flavoprotein and pyridine nucleotide 


Fiavoprotein Oxidation 
465-5iOmyp 


log Ie/I=0005 
herobic PHM, 9 


4mM Succinate 
360pM No,S 


36yM ATP 


27/mi HO QNO 


Pyridine Nucleotide Reduction , 


365-- 450my 


+ 
r 50sec 4 


big. 6. Oxidation of flavoeprotem and reduction of pyridine 

nucleotide caused by addition of adenosine triphosphate to pigeon 

heart mitochondria inhibited with sulphide and quinoline N-oxide 

HOQNW) under conditions similar to those of Fig. 2. Time 

»bsorbaney, and concentration scales indict ated on figure, 1-2 mam 
protein/ml. (Exp. 175) 
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Relation to Active Transport 
and Photosynthesis 

The results presented here indicate that specitic 
oxidation-reduction induced by the 


addition of adenosine triphosphate to mitochondria 
to removal of oxygen 


Discussion 


reactions are 
devoid of oxidase activity dur 
by sodium dithionite or due to respiratory inhibition 
by sodium sulphide. This constitutes a 
from adenosine triphosphate to 


reaction 
genuine conversion 
electron transfer, a process that has been sought for a 
number of years. However, it was apparent that the 
energy-linked reduction of diphosphopyridine nucleo 
tide?.8 would be accompanied by an energy linked 
oxidation, provided suitable expe rimental conditions 
were found. The appropriate conditions are simple ; 
electron transfer proceeds rapidly in the reverse 
direction in mitochondria that are relatively free of 
adenosine diphosphate and imorgamnc 
This discovery may be of considerable 
to our understanding of the function of 
© our consideration of new 


phosphate. 
importance 
the respiratory chain, anc t 
ways in which metabolic processes could be affected 


bv the transfer of the energs of adenosine triphosphate 


to oxidation-reduction equivalents 

It is useful to consider, on the basis of these results, 
conditions for re versed electron 
In intact mitochondria in 


(see below). 


the appropriate 
transfer in the living eell. 
anaerobiosis a high ‘phosphate potential 
generated by glycolytic activity, could cause appre 
ciable reduction of mitochondrial diphosphopy ridine 
nucleotide and oxidation of either succmate or of 
eytochrome as indicated by Fig SB A ‘phosphate 
potential’ of a few thousand calories produces con- 
of evtochrome m substrate-free 
For portions of the electron 
post ulated for active 
be required, only 
an appropriate ‘phosphate potential’. It 1s apparent 
that the stoichiometry of the conversion from adeno 
is not yet sufficiently 
leration of the mito 


siderable oxidation 
mitochondria (see below). 
transfer system, such as those 
transfer*, anaerobiosis would not 


sine triphosphate to electrons 
favourable to merit serious Consit 
chondrial process as an explanation for the very high 
efficiency observed im gastric secretion under certam 
conditions*®, although the principle of conversion of 
the energy of adenosine triphosphate to electron trans- 
fer 1s proved. However, in mitochondria we would 
not expect a ratio of adenosine triphosphate electron 
exceeding that of the phosphorylation efficiency. 
Our stoichiometric data (~ 1 ATP/Fe) may give # 
low value because a portion of the adenosine triphos 
phate may be (1) used to affect other carriers that are 
oxidized and (2) split directly without its utilization 
in evtochrome reactions (see later). 

The response of eytochromes of photosynthetic 
bacteria to illumination 18 characteristically an 
oxidation of cytochrome"? and in circum 
stances a reduction of pyridine nucleot ide’®.29, Up 
to this point, it has been considered that such 
responses are direct consequences of the effect of the 
photochemically produced oxidant and 
of electron-transtet 
here make it 
experiment ation 
the 


some 


reductant 
carriers The re 
to distinguish 

the 


on & Series 


sults given Necessary 
by further 
hy pothesis 
intermediates, 


between present 
possibility that high-energy 
produced inn light induced energy 
conservation could indirectly influence @ 
chain of electron-transfer carriers in the manner 
illustrated by these experimental results (ef. Fig. 2). 
One way of distinguishing in favour of a ciirect eftect 


and 


reaction, 


4 
=f 
acy 
— 
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is by observation of cytochrome oxidation at liquid- 
nitrogen tempecratures*?, 
The phenomenon of “water aplitting’ by eytochrome 
t, oxidized by adenosine triphosphate would not be 
unexpected in further investigations : so far we have 
observed that a considerable disappearance of 
absorption at 445 mu occurs on addition of adeno- 
ne triphosphate to the dithionite-treated material, 
and is followed by a reappearance of th Ss absorption 
band. It is possible that the reduction of cytochrome 
oxidized by adenosine triphosphate could be attri- 
buted im part to a ‘water splitting’ reaction, as well 
as to the exhaustion of added adenosine triphosphate 


Oxidations in the Presence of Dithionite 


It is remarkable that cytochrome oxidation 
induced by adenosine triphosphate can be observed 
in mitochondria in spite of the reducing power of 
sodium dithionite. Two explanations may be 
considered: (1) that adenosine triphosphate can 
oxidize cytochromes against the negative potential of 
dithionite ; or (2) that dithionite does not penetrate 
the mitochondrial membrane (assuming that none of 
the evtochromes is accessible on the outside membrane 
of the mitochondria). In the case of the second 
alternative, it might be expected that no responses to 
adenosine triphosphate would be observed at longer 
times following the addition of dithionite. We have 
been able to observe the response to adenosine 
triphosphate after incubation of the mitochondria 
with dithionite for one and a half minutes. The 
lack of dithionite sensitivity recalls experiments on 
the light-induced oxidation of cytochromes of R. 
rubrum im the presence of «a considerable excess of 
dithionite**, At the present time, we are inclined to 
favour explanation 2 in both cases, namely, that 
dithionite is acting exclusively as an oxygen absorber 
and not as a specific reductant of cytochromes. 


Nature of the Electron Acceptor 


While it is clear from Figs. 1, 2 and 3 that cyto- 
chromes are oxidized, it is important to consider the 
electron acceptor for this oxidation reaction. (Obvi- 
ously either electrons or hydrogen atoms could be 
transferred.) In Fig. 2A the rates of cytochrome 
oxidation and pyridine nucleotide reduction indicate 
that diphosphopyridine nucleotide may be accepting 
about half its electrons from cytochrome oxidation, 
and that the remainder arise (1) from succinate oxida- 
tion or (2) from entry of adenosine triphosphate at 
another point in the respiratory chain to oxidize 
flavoprotein and ubiquinone. It is possible that both 
reactions occur. It is of special interest to note that 
m the absence of added succinate, only 30 per cent. of 
the pyridine nucleotide is reduced, and in this case the 
electrons are presumably all from oxidations induced 
by adenosine triphosphate of other carriers. The 
fact that only a part of the pyridine nucleotide can 
he reduced by electrons transferred from adenosine 
triphosphate-induced carrier oxidation or from 
treatment of the mitochondria with a diphospho- 
pyridine nucleotide-linked substrate? underlines the 
specific role of suecinate in the reduction of the 
majority of mitochondrial diphosphopyridine nucleo- 
tide and supports the ideas of chemical or compart- 
mentation differences of mitochondrial pyridine 
nucleotide®. 

In the absence of succinate, pyridine nucleotide 
can still act as an electron acceptor, although some 
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other substance may be involved. Comparing the 
total of oxidized cytochromes and flavoprotein with 
the extent of reduction of pyridine nucleotide, more 
oxidized than reduced substances are found on a 
mole basis (1-5: 1). However, the assay procedures 
should be refined, particularly that for ubiquimone, 
since absorption of adenosine triphosphate interferes 
with its assay by the spectrophotometric method** 
The reaction kinetics of cytochromes ¢ and a are of 
interest in contrast with those of pyridine nucleotide ; 
the former resembles those of an enzyme substrate 
intermediate, the latter that of a product of an 
overall reaction. As indicated above, the difference 
in these kinetics is probably due to the fact that 
succinate supplies electrons for the reduction of 
a portion of diphosphopyridine nucleotide. 


Speed of the Reaction 


The speed of cytochrome oxidation caused by addi 
tion of adenosine triphosphate is fairly high, as illus- 
trated by Figs. 1 and 2, but it is nevertheless only 
about 10 per cent of the rate of oxygen utilization 
obtainable in the phosphorylation of adenosine 
diphosphate (state 3) in pigeon-heart mitochondria 
It can then be understood why the accumulation of 
adenosine triphosphate does not slow down respira 
tion in oxidative phosphorylation, or at least change 
the state of the carriers*.**. In addition, phosphate 
adenosine diphosphate inhibit the reverse reaction®® : 


ADP + P; + X ATP +X 1) 


Similarly, oxygen itself, which produces a high 
degree of oxidation of the carriers, inhibits the 
reverse reaction. 


Thermodynamic Aspects 


While the records of Figs. 1 and 2 show clearly 
that the system is not in equilibrium because of 
breakdown of adenosine triphosphate, it is of great 
interest to learn something of the [ADP] [P;]/[ATP} 
values that are involved in the cytochrome oxidation. 
In Fig. 5B a preliminary value of 10° for half-oxidation 
of cytochrome c is obtained. If succinate is added, 
the value is greatly decreased, as would be expected 
from the increased reducing power. While conversion 
of these values to calories may not be meaningful. 
cytochrome e¢ is half-oxidized in the absence of 
succinate at an [ADP}][P;]/[ATP] value correspond 
ing to 3 keal. 

That some oxidation of cytochrome and some reduc 
tion of diphosphopyridine nucleotide can be observed 
under these conditions requires an explanation. While 
it is not the purpose here to present a comprehensive 
theory, it is suggested that a possible explanation for 
the oxidations and reductions over such a wide range 
of redox potentials with such large [ADP][P,;j/ATP 
values is due to a reversal of electron transfer accom) 
panied by an accumulation of the inhibited high- 
energy forms of the respiratory carriers. The latter 
reaction apparently proceeds to such an extent that 
the interaction of the components of the chain as a 
whole is sufficiently slow to enable the rapid inter- 
action with adenosine triphosphate to control the 
redox-level of various couples in the chain. Thus 
the present work emphasizes the formation of 
inhibitory compounds on addition of adenosine 
triphosphate, whereas previous work emphasized 
the reversal of inhibition on adding adenosine 
diphosphate and inorganic phosphate*. 
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Relation to Adenosine Triphosphatase Activity 
In considering a difference between the ‘conserva 
tive’ breakdown of adenosine triphosphate in a 
reaction vielding oxidation of eytochrome, and reduc- 
tion of pyridine nucleotide and a ‘dissipative’ break- 
down of adenosine triphosphate without such 
conservation of energy, it is useful to consider the 
sequence of equations : 
ATP X = ADP + X ~P 
X ~P ImX ~I+P 
DNP 


X YX + J 


feaetion 4 would correspond to ‘dissipative’ 


reaction and reaction 5 to a ‘conservative’ reaction : 


X~!I rfp + DPNH + fp +X +1 H+ (5) 


Cross-over Points for Adenosine Triphosphate 
Interaction 


Reaction 5 is based on the evidence of Fig. 6, 
namely, that flavin oxidation and pyridine nucleotide 
reduction occur in the system inhibited by quinoline- 
N-oxide ; both the flavin and the pyridine nucleotide 
are associated with the side pathway involved in 
succinate-linked reduction of pyridine 
There appears to be a point for the 
oxidation-reduetion reaction induced by adenosine 
triphosphate, which corresponds to a cross-over point 
between reduced diphosphopyridine nucleotide and 
flavin observed in response to adenosine diphosphate 
under appropriate conditions?*. We have not yet 
discovered suitable conditions for demonstrating 
clearly other cross-over points which would indicate 
further similarities in the interaction sites for adeno- 
sine tri- and di-phosphate, being expected 
between cytochromes c and a, and another between 
cytochromes c, ard 6 (refs. 13, 28). It is apparent 
from these results that the behaviour of cytochrome } 
differs sharply from that of cytochrome c, the latter 
being rapidly oxidized and eytochrome #4 being 
slowly reduced. Thus a second cross-over point 
exists in this region of the chain. It remains to 
determine the role of ey tochrome c, in this transition 
by work on ‘trapped’ steady states at liquid-nitrogen 
temperatures. 

So far, no indication has been obtained of a cross- 
over point between cytochrome c and a, although 


cross-over 


one 


this, of course, does not signify that the interaction 


does not oecur here?*. Thus there is no evidence 
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that 
interacts 


available at the time which indicates 
the sites at which adenosine triphosphate 
with the respiratory carriers to g¢ 
transfer differ from the sites at which 
diphosphate is phosphorylated to adenosine triphos 
phate by means of ‘forward’ electron transfer. 

This investigation 
National 

Note added in proof 
of Oxidative Phosphorylation’, an 
eytochrome ¢ and reduction of tlavoprotein induced 


preset nt 


ive Tey ersed’ elect ron 


ace nosine 


was supported in part by the 
Foundation. 
In work “On the Reversibility 


oxidation of 


Sciences 


by adenosine triphosphate have been observed im 
rat 
chondria?®’. More recently, it has been suggested t 
the aerobic results indicate an inhibition of electron 


werobic suspensions of skeletal muscle mito 


transfer and not its reversal’. 
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SUBMOLECULAR STRUCTURE OF THE NUCLEIC ACIDS 


By Pror. BERNARD PULLMAN and ALBERTE PULLMAN 


Institut de Biologie Physico-Chimique, Université de Paris, 13 rue Pierre Curie, Paris Se 


‘| SHE determination of the molecular structure of 


acids. which reveals the nature and 
mutual arrangement of the molecular species forming 
the giant polymers, is one of the most important 
achievements of modern biochemistry. The next 
logical step is the determination of the sub-molecular 
structure of these acids, which reveals the electronic 
structure of the constituents and the nature of the 


nucleie 


bonds which unite them. The establishment of the 
principal this structure 
should provide the proper basis for the understanding 
of the essential physico-chemical and 
biochemical properties of the nucleic acids. 

Among the methods available for this investigation 
are the theoretical procedures of quantum chemistry, 
such as the valence bond or the molecular orbital 


features of sub-molecular 


chemical, 
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base pairs present mothe 
nucleje acids (S gar. 
phosphate) Fig nelicates 
the sites at which the essential 
theoretical indexes of electron 
StTUCTUTre Possess their most sig 
nificant vahies 

indexes are under! 

heavy line when placed at the 
site of their most significant 
res at 


value and by a broken 
their next most important site 

In Fig. 2. the same thing has 
been done for the different chem 
ical or physico-chemical proper 
Ties determined by these im 
dexes. In some cases, mmdexes 
or prope rties have 
dicated on Figs 1 an with 
out being underline«d| This 
signifies that these indexes o7 


properties are char- 


acteristics of the corresponding 
bases, but that it is not possible 
to ascertain and compare their 
relative values in the different 
units. 

The advantage of tne schem 
atic representation given in Figs 
l and 2 is that it enables a vers 
quick localizat.on of the principal 
reactive centres of nucleic ac ids 
towards given types of reagents. 


ethods This last method, im Exchange with tritium 


particular has been shown in CH Breakage of ti > 


recent vears to be of great value ges 
for the study of the electron 
structure ot biochemicals and 
of the mechanism, at the elec 
tronic level. of biochemical pro 
COSSES It has been applied ex 
tensively, in our laboratory, to 
the detailed investigation of the 
electronic aspects of the struc 
ture of the nuclei acids and 
especially cf that of thei purine 
and pyrimidine bases 

This work enables the = ce 
termination of the values of the 
essential energet i and electronic 
indexes characteristic of the 
bases or of their constituent 


oxidation 


atoms or groups of atoms. It 


} 

thus also renders possible the 
determination of the sites at 
which any particular index has 
value Con 


its most significant 

sequently, it enables the estab- 
lishment of correlations between 
these outstanding values of the \ Electron acceptor 
indexes and the « ssential chem- 
ical and physico-chemical pro 
perties of the nucleic acids 


Protonation 


\ 
The principal results obtained Susceptibility to ionizing 
and ultraviclet radiation 


are summarized in Table | 

A more pictorial representa 
tion of these general results 
is given in Figs. and 2 
2 *rincipal chemical and physico-chemic: ywroperties 
They contain the fundamental 


oe 
Carbon free valence \, narges primary nitrcgs® 
‘ Resonance energy 
| 
1 N moiecuiar orbital 
arry cet } 
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i par ges 
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Re ~ | 
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Table 1, PUONDAMENTAL ELECTRONIC INDEXES AND OUTSTANDING CHEMICAL AN sik MICAL PROPERTIFS OF THE NUCLEIC At 


The electronic index 
Resonance energy. The greatest resonance energy per 7 elec ) g nes purin nd particular o enine to ionizing and 
4 that of the adenine ring. The next one is that of guanine ‘ ‘ t Viok fiation er temperature lenaturation of nucle 
stabilization through hydrogen bonds is greater for the guantne-cy tosine ids hh it tani t pra han of U rich in adenir 
pair than for the adenine-thymine pair’ 
Highest filled molecular orbital. The highest filled molecular 
s the highest in guanine followed by adenine 


Lowest empty molecular orbital. The lowest empty molecular orbital e electro ceeptor operties these two l visible in their 

; the lowest in cytosine, followed by adenine**, ray t 
Basicity of ring nitrogens. In the nucleic acids the most basic nitrogen ia n hea ir at ” 

4 predicted to be N, of guanine. In adenine the essential basic centr ral and ion ocet i f adenine 
i be N, (in nueleic acid adenine it may be N : viat f me Cc a ! Ik iting ¢ ceurs essentially 
‘he pr p by metals is 


ie 


between N, 
rimary amino-nitrogen. Because of the delocalization Direct I the amino-group and the reaction with 
irs the nitrogens of the NH, groups are formally positive ehvde ov SSet iy on the NH, groups of adenine, followed 
i among them (the less positive) is that of adenin t t 
follows f cytosine! 


‘harge of the carbon atoms carrying the Qmino-groups These carbo: eal itix of deo» j ucleis id occurs essentiall 


atoms are formally positive. The most positive among them is that 


guanine, followed by that of cytosine. 


Charge of the orygen atoms, The most negative oxygen is that of vrimary site of protonation of 


tosine’ 
ionizing radiations and 
at the C,-4(, bond 


sentially at the Cy-€, 


Carbon-carbon bond order The greatest (-( bond order is that of 
the 5-6 bond of thymine, followed by the 5-6 bond of cytosine* 


Indexes of unsubstituted C atoms. C, of guanine has the greatest free » “3 0 philic substitutions®’. 
valence, (, of cytosine the greatest formal negative charge'’. 


The formal positive Preferential reactivity of t g sidie linkages of the purines in 
bipositivity of the enzymic or acidie hydrol ! wards mereaptoacetic acid and 
n for the pyvrimidines** diphenylamine 


ni 
23,24 


In this respect, one of the striking features of Fig. 2 is Pullman, b., an man, A $28 (1060). 
that none of the quoted reactions appears heavily tiordy, W., Rad. — 

. rdetzky, €. Jardetzky, er. Chem, Soe., 82 
inderl ned for the adenine ring. (It is only the trans ° 1960) 
formations which are concerned with its extraevelic * Brookes, P., and Lawley, P. D., J. Chem. Soe., 539 (1960), 
NH, group which appear as occurring with particular Lawley, P. D., Pr 
M. A.. and Brown, G. B., J. Amer. Chem, Soe., 80, 2759 


Chem. So 200 (1057) 


ease at that moleeule.) The relatively great stability Stevens, 
(1958). 
of adenine towards external agents of any type is thus Lawley, P. D., Biochim. Biophys. Acta, 26, 450 (1957). 
immediately visible after a simple glance at Fig. 2. * Reiner, B., and Zamenhof, S., J. Biol. Chem., 228, 475 (1957) 
This impression ts still substantiated bv a glance at Bantz. E., and Freese, E., Proce. U.S, Nat. Acad, Sci., 46, 1585 
(1Y60). 

Frieden, E., and Alles, J., J. Biol. Chem., 230, 797 (1958) 
ring which deserves the heavy underlining is its Whitehead. C. W., and Traverso, J. J., J. Amer. Chem. Soc., 88 
relatively great Tesonance energy The particular (1960 
has been Fraenkel-Conrat, H., Biochim, Biophys, Acta, 15, 307 (1954) 
Staehelin tiochim. Biophys. Acta, 29, 410 (1958) 
hiachim. Biophys. Rea. Comm.,, 2, 320 (1960) 
thermodynam and kinetic stability?. ° 

Dove, W. F F.A und Davidson, N., Biochim, Biophys. 


Fig. lon which the only characteristic of the adenine 


part plaved by adenine in biochemistry 
tentatively linked with its particularly pronounced 
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DETECTION OF LIVER PROTEINS IN CIRCULATING BLOOD 


By Dr. A. H. GORDON 
National Institute for Medical Research, Mill Hill, London, N.W.7 


FESHE release of proteins from rat liver during react with the liver homogenate against which it was 
| perfusion of this organ with rat blood! can be formed, 8-10 lines were obtained. Under similar 
demonstrated by means of rabbit antiserum against conditions, plasmas from blood which had been 
a homogenate of whole rat liver using the gel used for perfusion of a rat liver for 4.5 hr. gave 
precipitation method of Ouchterlony*?. To avoid pre- 26 lines. As mav be seen in Fig. 1, both the 
cipitation lines due to the rat plasma proteins, the number and the intensity of the lines produced by 


antiserum was always adsorbed with rat plasma plasmas from different liver perfusions varied very 
before use. When the antiserum was allowed to greatly. The experiment (Fig. 1) also shows immuno 


Wee ar 
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7) 
Bipositivituy of the C- alycosidic linkag 
aorta Gee harge of the sugar carrying nitrogen and t 
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logical identity, or partial identity, between protems 
of the liver homogenate and those liberated during 
perfusion of the rat liver 

Alrogether, plasmas from thirteen perfusion ex 
periments were examined by means of the antiserum. 
In eight of these, heparm was present 4s the anti 
coagulant In three the freshly drawn blood was 
mixed with 0-167 vol. of 3-8 per cent sodium citrate 
After centrifugation the plasma was clotted by the 
The serum thus obtained 
was then re-mixed with the red cells. In the last 
emitrate Was the 
tubes, separated 


addition of calevum ions 


two experiments no sodium used, 
blood being centrifuged in plastic 
and the plasma allowed to clot. After removal of the 
fibrin the serum was re-mixed with the red cells In 
the last five experiments the only fibrinogen or fibrin 
which ean have been will have been that 
formed by the liver during the course of the perfusion 

When hepar.n the precipitation lines 
formed by the antiserum as judged by eye, although 
variable in intensity, were on average much 
than those which were formed after addition 
The two plasmas 


present 


was used 
very 
heavier 
of citrate and removal of fibrin 
which appeared to contam the smallest amounts of 
solubilized liver protein were from experiments of 
the latter kind. On the other hand, in another experi 
ment of this kind, heavier precipitation lines were 
Both the plasmas which had been de 
fibrinated and then added sodium 
citrate gave rather heavy precipitation lines with 
the antiserum In one of these experiments the 
perfusion-rate fell progressively and, at the end, 
material which seemed to be fibrin was found ad- 
hering to the Although experimental 
conditions for the perfusion of rat livers which will 
completely prevent the solubilization of even small 
amounts of liver material have not yet been com- 
pletely defined, the above results with defibrinated 
blood the usefulness of 
such 

Because of the apparent with which 
certain components appeared in the plasma during 
perfusion of the isolated liver, conditions which 
would lead to release of proteins from the liver « 
Plasmas were examined from rats 
subjected to 1) Repeated injection with large 
amounts of indian ink over four days (for details, see 
Freeman, Gordon and Humphrey*). (2) Anaphyl- 
sensitized by means of 
adjuvant was injected 
alum precipitated 
the commencement 


observed 


used without 


glassware 


containing citrate suggest 
media 


readiness 


riro were sought 


previously 

Freund's 
with 2 mgm. of 
lwemocyanin Two 
of severe, but non-fatal anaphylaxis, the animal was 
bled the lipopoly- 
saccharide endotoxin of EF. (from Prof. O. 
Westphal). Whereas no effect be detected as 
a result of either of the first two treatments, plasma 
mgm. of the 
endotoxin already yielded a single precipitation line 
After a further 16 hr. the plasma from the 
animal three lines The which 
minimal signs of prostration was then killed. 


AXIS a rat 
hemocyanin m 
intravenously 
hours after 


injection of 
coli OS 


Intra enous 
could 
obtained 6 hr. after the injection of 1 


showed 


The 


rat 
ver showed many pale spots. 

The identity or otherwise of the liver components 
released into the plasma in vireo by the endotoxin 
with those appearing after perfusion of a liver for 
also examined. In all experi 


hours was 


continuity of the precipitation lines formed 


several 
ments 
between the antiserum and plasmas from each kind 
observed. Appart ntly no com 
plasma were completely 


of experiment was 


ponents present mm one 
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Fig. 1. Centre hole: antiserum produced in rabbits by injection 
of rat liver homogenate treated with Freund's adjuvant he 
artiserum has been absorbed by subsequent addition 

plasma. (1) and (3) Rat liver homogenate diluted with ‘ 
saline: (5) rat liver homogenate diluted with 19 vol. of s aline 
(2) plasma from rat blood used for perfusion of a rat liver for 
4 hr.: (4) plasma from rat blood used for perfusion of ar at liver 
for 5 hr.: (6) plasma from rat blood used for perfusion of a rat 
liver. For this perfusion the plasma protein concentration was 
raised to 104 mgm. per mi. Heparin was used in each of these 

perfusion expe riments 


absent from the other. On the other land, large 


quantitative differences between certaim components 
were noticeable 

In order to obtam information on the amount ot 
material passing from the liver into the circulating 
blood during a perfusion experiment, comparison 
was made between the precipitation lines given with 
the antiserum by appropriate dilutions of a saline 
extract of rat liver and by samples of plasma from 
blood after use for perfusion. Appropriate dilutions 
of the liver extract and dilutions of the perfusion 
a central 


plasma were arranged alternately around 
well. By observing which samples gave precipitation 
lines of similar intensity and position, it was possible 
to estimate the dilution of liver extract contanmung 
corresponding 


amounts of particular liver component 
to those in the perfusion plasme 
Three samples of plasma taken at 
liver perfusion experiments were thus inve 
The first was from a perfusion m which heparin was 
present and in the plasma protem 
tration had mereased 
plasma was found to contain at 
mil. of liver protem. The two other plasma 3, 
experiments 11 which defibrinated blood contaimimy 


end of three 


stivated! 


the 


which 


been above normal This 
least 3:5 mem. 


from 


sodium citrate had been used, gave 0°25 and 2-] mgm 


per ml - respectively. Consicde red im relation to the 
total weight of protein in the perfused liver, these 
per nt of ongm 


had appeared m= the 


figures indicate that at lea 
ally intracellular material 
circulating plasma. 

I am very grateful to Dr. 
the immunological methods used in the 


Humphrey for 
ady ice on 
present work and for diseussion of the problem 
| 


_and Gordon, A. H., Biochem 
* Ouchterlony, O., Acta Path. Microbiol 
Freeman. T., Gordon, A. H.,and Humphrey,J.1 


39, 459 (1958) 
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AFFINITY OF ORGANIC COMPOUNDS FOR FREE ELECTRONS 


WITH THERMAL ENERGY : 


ITS POSSIBLE SIGNIFICANCE 


IN BIOLOGY 


By Dr. J. E. LOVELOCK 
National Institute for Medical Research, Mill Hill, London, N.W.7 


ANY molecular species react with free electrons 
to form stable negative ions. In the classical 
on the behaviour of free 
* the study of negative-ion 
formation was restricted to a few simple substances 
oxvgen and the More 
recently, a technique has been developed for observ 


N 


physical researches 


electrons in gases! 
such as water, halogens. 
ing the electron affinity of volatile organic substances 
generally’; this technique was primarily intended as 
a qualitative analytical method for the identification 
of minute quantities of volatile organic compounds. 
It was based on the observation that the electron 
affinity of a homelogous series of compounds was 
determined principally by the affinity of the common 


functional group and was relatively independent of 


the hydrocarbon moiety The establishment of this 
method requires measurement of the electron affinities 
of a wide range 
energies ; this isa lengthy task and not vet completed. 
In the course of this investigation it has been observed 
that the affinities of compounds for electrons with 


of compounds at various electron 


thermal energies are frequently associated with their 
biological activity, particularly in those 
thought to involve electron transport. For example, 
among the few simple aliphatic compounds with an 
extreme affinity for electrons are the intermediates 
on the oxidation pathways of the living cell, such as 
pyruvate and fumarate. ‘The potential interest of 
this and other similar comparisons between biological 
and electron affinity encouraged the pre 
deseribes briefly 


systems 


activity 
liminary report which follows. It 
the methods used to measure the affinities of organic 
for thermal electrons and includes a 
discussion of the general problem of electron transport 
in the living cell in the light of these new measure- 
ments. 

Physical and experimental method. Free 
eleetrons and molecules react to form stable negative 
ions by either of the two following processes : 


substances 


1/3) 


- energy 

energy 
In the first reaction, the energy released may 
escape as radiation or be shared with other molecules 
during subsequent collisions. The energy balance of 
the second reaction is determined principally by the 
following factors: the relative kinetic 
the reactants before and after collision, the energy 
released by the formation of a negative ion from a 
constituent atom or radical of the compound and 
the energy released or required to dissociate the mole- 
Whichever of these reactions takes place, 
lost 


energies of 


electrons are and stable negative ions formed 


The electron 
compound depends on the elementary composition 
and structure of its and the kinetic 
energy of the colliding electrons. In the analytical 
application, it is convenient to observe the spectrum 


probability of capture by a given 


molecules on 


of affinity of a given molecular species at different 
electron energ.es. In the present work the affinities of 
different substances were observed using electrons in 
thermal equilibrium with gas mixtures at tempera 
200° C. This range of energies is pre 
similar to that of free should 
they so exist, in biologieal aystems. 


tures of 20 
summably electrons, 
The apparatus used is illustrated as a schematic 
diagram (Fig. 1). It consisted of a plane parallel 
ionization chamber with an electrode separation of 
1 em., and identiéal in that 
described for another purpose’. The chamber was 
swept continuously by a stream of clean dry argon 
containing 0-3 per cent of hydrogen at a rate of 100 
1,000 ml. per min. at atmospheric pressure. Electrons 
were set free in the chamber by means of soft 6-radia 
tion from a sheet of metal coated with a thin layer of 
titanium tritide; this radiation source also served 
as the cathode of the chamber. The density of free 
electrons in the chamber was measured by applying 
to the anode, every 10 usec., a rectangular pulse 50 V 
in amplitude and 0-5 usee. in duration. The duration 
of this sampling pulse was chosen to be just sufficient 
to collect all the electrons set free in the chamber ; 
in other words, capable of withdrawing a saturation 
eurrent from the chamber. Such a pulse duration 
was, however, much too short to collect any of the 
relatively immobile negative molecular ions. The 
contribution to the total current-flow of electrons 
liberated during the application of the pulse was only 
5 per cent the loss of electrons, when vapours 
capable of capturing them were present in the 
chamber, was therefore observed effectively under 
tield-free conditions and when the energy of the elec 
trons present was thermal. The vapours of the test 
substances were introduced into the gas stream flowing 


was construction to 


to the chamber after their passage through an efficient 
100-ft. capillary tube chromatograph column. This 
precaution was found few of the 
substances tested were free of electron capturing 
contaminants. 


essential since 
The concentration of vapour in the 
gas stream was measured by means of a photo 
ionization detector® connected in parallel with the 
chamber for observing electron capture. The current - 
flow from the two ionization chambers was amplified 
by electrometer amplifiers and recorded using two 
separate potentiometric recorders. 

Fig. 2 illustrates a typical measurement in which 
the emergence of several compounds In sequence from 
the chromatograph column is displaved as chromato 
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chromatogram shows the 
and the 
The 


stances, ethyl 


‘ams. The lower 
concentrations ¢ test substance 


shows the extent of electron capture small 
Vapour cones ntrations of the test st 
pyruvate and dimethyl fumarate, are seen to capture 
readily than the large vapour 


substance, 


electrons much more 


concentration of the reference chloro 
Also, the test substance, diethy! suceimate, 
is seen little or no affinity for electrons 
The relative the different 


stances tested were compared in terms of the ratio 


benzene 
to have 
electron affinities of sub 
of the change of current in the two ionization cham 
relative to the 
standard, Whenever pos 
sible, the quantity of test substance used was a jjusted 


and are ssed alwavs as 


reference 


bers expre 


chlorobenzene 


so that the change in current in the electron-capture 
chamber did not exceed 10 per cent ef the total 
current Above this value the change of current ts 
no longer linearly 

To meet this need, 
10-* gm. wore applied to the column. It 
emphasized that the electron affinities reported here 
Uncertainties 


related to vapour concentration 


4 


quantities of between 10-* and 


must be 


may be as much as 30 per cent in error 
principally in the measurement of 
concentration. It is not yet possible to apply pre 
substances to the 
Also the 
of the photo-ionization detector nused to measure 
concentration is not yet known with pre- 
This detector was chosen for this application 


arise vapour 


known amounts of test 


efficient capillary tube column. 


cisely 


response 


vapour 
emion 

ionization 
adversely 


because it is the onlv available sensitive 
detector the 
affected by substances with a high affinity for free 
electrons, 

Re lative electron 
Table 1 lists the electron affinities, relative to chloro 
benzene as unity, of the strongly electron-attracting 
tested ; shown are the principal 
electron-attracting substituents or structures of these 
substances and the electron affinities of comparabl 


response of which is not 


affinities of the substances tested 


substances also 


weakly attracting compounds 
The great majority of simple aliphatic organic 
compounds possess a slight or negligible affinity for 


free electrons of thermal energy. Those which do 


vapour 
Upper 
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capture electrons strongly have one or more of the 
following structures or substituents in their molecules, 
which henceforth will be called ‘electrophores 
(1 CO.cOoO—, (2) CO.CH :CH.CO—, (3) the 
quinone structure, (4) NO,, (5) NX. where X ts 
one or more halogen atoms. With substitution by 
halogens affinities fallin the order: I Br Cl F; 
multiple substitution by nalogen- or nitro-groups 
vreatly enhances the affinity for electrons. 

It is probable that other more or less complex 
can function as electrophores Thus, 
although simple conjugated and aromatic hydrocat 
bons such as butadiene, benzene, naphthalene and 
phenanthrene show little affinity, more 
conjugated hydrocarbons, including cyclo 
azulene, diphenyl butadiene and anthracene, 
a marked affinity for free It appears also 
that | CO.) in the electrophores listed above can 
be replaced by a phenyl radical without great loss 


structures 


COMMPLEN 
octatetrer 
all show 


electrons 


a substitution of nitrogen in place ot 
It must be emphasized 


of affinity 
earbon can also be made. 
however, that affinity of a high order, greater than 
ten, is rare among the sunpler organic compounds 
An affinity of this order has not been found during 
of 430 members of the following 
saturated, ethenoul 


the examination 
classes of organic compounds : 
and ethinoid hydrocarbons, ethers, esters, alcohols, 
carboxylie acids, aldehydes, ketones, nitriles, amines 
and, with the exceptions listed in Table 1, compound 
with two or more of these groups. Although weakis 
attractive to thermal electrons, the compounds just 
listed do possess a sufficient affinity for analytical 


PuUrpos 


Fig. 2 

indicated in Fig. 1. 

centrations of vapours emerging from the chromatograph column 

the upper chromatogram the capture f electrons by the same 

vapours measured simultaneously. The test substances are 

ethyl pyruvate (1), chlorobenzene (2), dimethyl furnarate (3) and 
diethyl snecinate (4) 


Measurement of electron affinity using the apparatus 
The lower chromatogram shows the con- 
te 


E 
A, | A 2 
| 
; | 
~ | 
Fig. 1. Sehematic diagram of the apparatus used for the meas | | of 
nt of relative electron afhnities 1, and 4, potention 
recorders, B, and A, elects ter amplitiers, se generat 
Da capillary tube chromatograph column, & inlet for diluent gas 
: F the ionization chamber for observing electron capture and f 
photo-ionization detector for the n Irement of concentration 
of test Vapoul 
| 
2 
" 
2 
1 
3 
4 | 
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rable | AFFINITIES FOR THERMAI 


All values are relative to the electron affir 


Compounds wi 

electron aft Klectroph 
co 
Co CH 


eu 
CH 


co 


Quinone 


Dimethy naphtha quinone 


ilene 
lo-octatetrene 


phenyl radicai 


At information is available 
the end products of the 


present mo concerning 


bet we en the com 


It 
by 


reaction 


and fre« is probable, 


capture 


tested electrons 
that followed Vv dissociation 
with the halogen and mnitro-« ompounds The hydro 
carbons and perhaps some CHO compounds are, on 
the other hand, like ly to form stable negative mole 
enular ions 


wrested 


Is 


however, 


It has been eug 
semi-conductmg 

More 
suggest 


ot 
an 


ance to cal 
that 
properties important 


evidence has 


protein may show 


in its normal function’, 
become available to 
photosynt hesis* and the 
mitochondria!®."', free electrons play 
mportant part. In the light of these 
of interest that the electrophores, 
CO.CH : CH.CO and the quinone 

ill closely associated with those systems thought 
n eleetron transfer. Thus, in the 
phosphorylation proceeding 


recently, 
that 


emenrgy 


in in transfer 


Suggestions it 
CO.CO 

structure 


is 


are 


to be important 1 


of oxidative 


Process 


from pyruvate through the Krebs cycle to carbon 


each alternate intermediate has one or 
the two electrophores, CO.CO and 
H.CO The first is found in pyruvate, 
and ketoglutarate : the in 
s-aconitate and in fumarate. The remaining inter 
are found in the form of their esters, or 
thought to have but little affinity for free 

The inert’ intermediates, meluding 
malate, acetate, citrate and +socitrate, are 
always interposed the electron-attract ing 
Two other substances thought to be 


clioxide 
other of 

CO CH = 
oxalacetate, second 
mediates 
would be 
electrons. 
sucemmate, 
between 
intermediates. 
important in the transport of electrons im the living 
cell are coenzyme Q and diphosphopyridine nucleo- 
tide (DPN). The former has the quinone electro- 
phore ; it is conceivable that the structure of DPN 
includes an electrophore as vet unidentified. 

The presence in the electron transport system of 
the living cell of an ordered distribution of so many 
of the few simple organic substances likely to have a 
high affinity for free electrons seems to be more than 
eoincidental. It is also remarkable that among the 
few remaining substances with a similar high affinity 
free are several which are able to 


for electrons 


ty of 


NATU 


ELECTR: 


NS ‘OMPOUNDS OF BIOLOGICAL INTERRST 


nzene, Which is taken to be unity 


Compounds with low 


electron affinity Affinity 
etate 


Acet 

Ethyl 

500 Ethvl 

700 Diethyl malat« 
Tiethy! succin 


one 
wcetoacetate 
wrviate 


5.000 
45 


H ydroquinone 
Benzyl alcohol 


Styres 
Methy! 
Aniline 
Pyridir 


amine 


Phenanthrene 
Naphthalene 
Cyclopentadienr 
Ethane 

hen 


quinone structure 


the of oxidative phosphory lation 
such as dinitrophe nol and certain halogen-containing 


The of the 


eleetron biologicel 


disturb proc SA 


compounds Flrnipcance association 

attinity and 
assumption that the electrophores 
in the rr compounds 
natural state as they are in the volatile esters tested 
If this assumption is justified, then the 
suggest the following unifying hypothesis : 
in the living cell proceeds through an 
The 
introduction of foreign, especially irreversible, trap 
ping is harmful be of their ability to 
remove from the The 
term: reversible trap refers to a ynpound which 


bet ween function 
depends on the 
are as active ‘levant in then 
observations 
electron 
transport 
ordered sequence of reve rstble electron traps 
agents 
electrons normal sequence. 
after capturing an electron changes either physically 
to a second compound the affinity of 
electron for the 
lo illustrate this point, 
furnarate could be considered to capture an electron 


chemically 
which slight, 
next trap in the sequence 


or 


is and so releases the 


ion then reacts with water 
the weak affinity of 
their transfer 
to the next trap in the sequence, possibly DPN. 

The hypothesis that electron trapping in the living 
cell is a purpose ful process offers 


and the negative fumarate 


to form a malate negative ion : 


malate for electrons would encourage 


explanations for a 
number of apparently intractable problems in biologi 
transport \ few of these problems, 
those concerned with the 
of action of toxie substances able to disturb the normal 
process of electron transport, 
follows : 


cal electron 


particularly mechanism 
are briefly discussed as 


In deseriptions of the mechanism of photosynthesis, 
it has repeatedly been stressed that some process is 
required to explain the rapid removal of primary 
electrons before they can recombine with the positive 
charges simultaneously produced by photon impact?? 
The trapping mechanism just described would meet 
this need. 

The volatility of the thyroid hormones is too low to 
measure their electron affinity by the methods just 
[t is tolerably certain, however, that these 
compounds, which contain three 
atoms, are potent electron traps 


deseribed. 
or more iodine 
The possibility 


| 
No 476 
Affinity 
- 
1-2 
O07 
D 
D 0-1 
0-05 
Henzaldehyde CO CH: CHP 
Cinnamaldehyvde PCH: CH P 4 
cis-Stilbene PCH: CHP 12 — 
trans-Stilbene CO NH 0-02 
A cetamicde PN: NP 1000 005 
Diacetyldihydropyridine 40 0-01 
ee Anthracem 10 0-01 
Cy hloride Cl x00 0-01 
Carbon t ichlorik Cl 1.100 
Chloroform cl l 
Hexachlorobenzene 
Chiorobenzen¢ br 
Bromobenzene I 
lodobenzer NO, 1.450 
Nitrobenzen: NO, 
Dinitrophenol 
Soda 
{ 
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that the thyroid hormones owe their ability to moder 
ute the process of oxidative metabolism to their high 
affinity tor free electrons is supported by the followmy 

evidence: the 
tribromo- and tri-iodo-thyronine™ are 
1, 37 and 420. The electron affinities of 


errcurmstantial biological activities 
ot trichloro 


respectively 


chloro, bromo- and iodo-benzvene respoctive ly 
1. 6, 370. Although the structures of the thyronines 
ime very different from those of the halogen-sub 


stituted benzenes, the comparison 1s justified by the 
fuct that the electron affinity conferred by halogen 
substitution is frequently independent of the nature 
of the molecule substituted ; prov ide, of course, no 
The resemblance 


other elec trophores aro also present. 
thyroid hor 


between the biological activity of the 
mones and that of dinitrophenol is further evidence 
in Support of this interpretation 

Anot he r reaction in biochem: iry thought for 
ome time to involve electron transfer is that bet ween 
careimogenie hydrocarbons and protein. A stumbling 
block to the understanding of the nature of this 
reaction has been the persistently held assumption 
that the hydrocarbon is the donor and the protein 
the acceptor of electrons ; this has been difficult to 
reconene with theory or observation. It was suggested 
tentatively'*..® that these difficulties could be resolved 
if the hydrocarbon were in fact the 
The unpopularity of the 
hydrocarbon so behaving in that way seems to have 


acceptor ot 
electrons. notion of a 
prevented the general acceptance of the suggestion 
However, as shown in Table 1. complex hydrocarbons 
are very ready to function as electron acceptors 
Because of their slight volatility, it has not yet been 
test the carcinogenic hydrocarbons 
elves, although it is of interest that stilbene and 


possible to 
hen 
azobenzene both are able to capture electrons and give 
rise to sumple derivatives with carcinogenic activity 

In general, where a similar toxic action is shared by 
compounds differing only in substitution with halo- 
or pitro-groups, and where a disturbance of 
transport is thought to occur, then the 
of the compounds could be due to their 
One important difference 


yen 
electron 
toxu ity 
ibility to trap clectrons. 
between normal intermediates which can trap elec 


N populations where the individuals are distributed 
at random, that is, are independent of each 
other, the variance (s*) at each population density is 
equal to the mean (mm). Individuals in natural popula 
tions are not, however, independent of each other : 
mutual attraction leads to aggregation which makes 
variance more than the mean (s* m), and mutual 
repulsion leads to regularity which makes variance 
less than the mean. Hence, in Nature, true random 
ness is only one of a continuous series of possible 
and a 


spatial statistical 


aggregated, 


(both in a 
regular to highly 


distributions 


sense) from and is 
consequently rare 

This property of natural populations, to show some 
thought to be 


aggregation, commonly 


for example, soil 


degree of 


highly 


specific ; zoologists know 
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trons and the toxic substances could be in the type 
of reaction which takes place. Trapping of electrons 
is potentially most harmful when it is irreversible ; 
in these circumstances, the potential energy of the 
( iptured electron may be completely removed fron 
the svstem. Furthermore, if capture 
occurs, and it is likely to occur with halogen- and 
nitro-compounds, then a highly reactive and potenti 
ally harmful free-radical may be formed. In addition 
to those classes of toxic agent already mentioned, 
similar 


dissociative 


other substances which may function in a 
way include halogenated insecticides, inhibitors of 
plant growth, certain fungistatic iodo- and nitro 


compounds!* and certain antibioties such as chloram 
of the of the evidence 
measurements of electron affinity 
the observations on 
There m no 


phenicol. Some limitations 
provided from 
arise from the need to conduct 
volatile derivatives in the gas phase. 
reason in principle why similar measurements to 
those deseribed should not be made in the liquid or 
even solid phases. The the practical! 
problems in this direction will greatly extend the 
range of measurement of this potentially important 
molecular property, and perhaps provide the evidence 
necessary for the or denial of the 
hypotheses outlined in this article. 

I am indebted to my colleagues T. Nash and N. L 
Gregory for the stimulus of their suggestions. 


solut mon ot 
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Townsend, J. 8.. Electrons in Gases (Hutchinsons. London. 1947) 
Massey, H. S. W., Negative Tons (Camb. Univ. Press, London, 1950 
Pritchard, H. O., Chem. Reve., §2. 5290 (1953). 
* Lovelock, J. E., and Lipsky, 5. R., J. Amer. Ch Soe., 82. 4 
(1960), 
Lovelock, J. E Vature, 187, 49 (1960) 
Lovelock, J, 1 Vature, 188. 401 (106 
Szent-Givorgvi, A., Sevenece, 93, G00 (1041) 
bradley, D. I und Calvin, M.. Proe. Nat. Acad. 42, 714 
(1956) 
* Platt, J. R., Science, 129, 372 (1959) 
Green, D. E., Dise. Farad, Soc., 27, 206 (1959 


" George, P., and triffith, J. S., in The Enzymes. ed. by Boyd, P. D 
et al., 397 (Academic Press, New York, 195¥). 
Rabinowitch, E., Diae, Farad, Soc., 27, 161 (1959). 

Mussett, M. V., and Pitt-Rivers, R., Metabolix, 6, | 
Mason, R., Dise. Farad, Soc., 27, 129 (1959) 
'* Nash, T., Vature, 179 
* Grove, J. F., and Metiowan, J, ¢ 


S68 (1057) 


Chem. and Induat., 647 (1959) 


that leather-jackets are ‘more highly aggregated 
than wireworms, yet the meaning of this is intangible, 
because no measure of aggregation is 
at present available. In addition, kinds of 
Statistical analysis require that the variance should 
be made independent of the mean and there is no 
rational transformation available covering all grades 
Aggregation has been measured most 


consistent 
many 


of aggregation. 


widely using k& in the expression : 
derived from the negative binomial cistribution 


Unfortunately & is not always independent of m 
(ref. 5), and it is plainly desirable that an index of 


population structure should be the same at different 


— 

4 

= 


No. 476€ 


population densities, unless some actual change 


behaviour is involved 


In all the sets of samples I have examined, variance 
appears to be related to the mean by a simple power 
law ; variance is proportional to a fractional power 


of the mean 


Shellfish on seashore, 
/ eliina t+ 
Eulamellibranchiata 
Mollusca 

European chafer 
imphimalion majalis 


Raz Melolontha 


da Costa 


vurious 
orders Insecta 
Wireworme 
mainly obscurus 
Coleoptera : Insecta 
Wireworms, Agriot 
above 


Wireworms, Limonius 
spp., Coleoptera 
Insecta 
Gall midge larva 
Jaapwlla medicaginis 
(Rub.), Diptera : Insecta 
Spruce budworm larva 
Choristoneura fumifera 
Lepidoptera 


Virus lesions, 

tobacco hecrosis Virtis 
Colorado beetle adults 
Leptinotarsa decemlineata 
Say., Coleoptera : Insecta 


Japanese beetle larva 
Popillia japonica New 
Coleoptera Insecta 

Macro- zooplankton 


Macro-200} 


Ticks, Ixodes ricinus L.. 
Acarina Arachnida 


Enchytraeid worms, niain 
lv Fridericia bisetosa 
), Enchytraeidat 


Pyrausta nubilalis 
(Hubn.), Lepidoptera 
Insecta 

Thrips, Thrips tmaginis 
(Hagnall), Thysanoptera 


Tipula 
ra Insecta 


iil stages 


Oligochacta 
Annelid 


Red spider mite, eggs and 


yrammu 


Haddock 


nus 


® Units cor 
in the variances 


March 4, 1961 


Open air 
16-104 units 
aerial density 

Grassland soil 
20 units 
4 in. cores 

Arable land soil 


larve twig 


Bean leaves, 
units, lesions 
half leat 
Potato foliage, 
2,504 counts 
insects/2 ft 
row 
Soil 
10,000 units 
each 1 ft. sq.* 
Water, net col- 
lection, slide 
count, 10 areas 
As above 
5O areas 
Sheep, 
units 
ticks sheep 
Pastur 
150 units 

6 em. cores 


Maize stalks 


2 staget 


Rose flowers 
20 units 
thrips rost 
Soil, 2 units 
Nos./sq. ft. 
Grassland 

4 units 

18 in. 


Apple leaves 
20 units 
mites, leaf 


rious soils 
units 
24 in. cores 
Various soils 
units 


Core 


rreas varying in size 


fr 
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where a and 6 are characteristic of the population im 
question. This is most clearly demonstrated by a 
low log plot of s? on m as in Fig. 1, which includes 
some Classic population surveys Table 1 gives a 
and } for these and other populations, namely, viru 
lesions, macro-zooplankton, worms and symphylids 
in soil, insects in soil, on plants and im the arn 


nites on leaves, ticks on sheep ana fish in the sea 


rage and 


tavriseo (6) 


L. R. Taylor 


inpublished 
Yates and Finney 


Yates and Finn 


+) 


Fleming and Laker 
(10) 


Littleford, Neweombe 
ind Shepherd (16) 


Littleford, Newcombe 
and Shepherd (16) 
Milne (18) 


Nielsen (20) 


Davidson and 
Ancdrewartha 


(1, 5) 


Gerard (1) 


and Dewey 


Edwards (9 


Edwards (9) 


10) =. ft ted t introduces & 


| 
Table 
Site Range I'ranes Observer 
in ipk 1 forma rets. in 
1 Sand, 63 units 0 49-84 Holme (13) 
2 Pasture soi 20-9 5 1-15 
wh 1 ft. sq 
me ] 
3 1 9-23 7 24 10 113 
4 0 20-44 2 275 1-19 (23 
ak 
4 in. cores 
6 Arable land soil, 39-10 89 0-58 60-42 Tones (5, 14 
175 units, 
each 1 ft. sq 
7 Lucerne field )-22-5-« O-19-15-8 j Heath (12 
soil, 10 units, 
4 in. cores 
- Fir foliage $8-15 004 0-343 t } 140, 2 Waters (4, 22 | 
25 units 
10 1-12 1-4-37°3 48} 2 Heal) (2, 8, 5, 19) 
| 
12 95-1, 750 1444-194, 480 10 1-5 gee 
a. 
13 EEE Jankton 93-1,822 160-18, 760 4 o-l4 1°57 
| 
| 
15 40-8381 5 $41 20,584 4 10 1 
16 6 7-976 88 5 - 180,220 O54 1-66 Meyers and Pateh (17) 
18 Leather 310-63 50 35-4004 6 02 1°85 r* 
19 Earthwor 2-S-71 2-0-1,410 O2 bog: 
ili fica 
Ar 
Sea, 4-47 400-28 4-1-1, 230,540 ) 2-35 | ©, Taylor (5, 21) 
aeglefim, Gadicdac Nos. trawl 
Pisces 
22 Earthworm ill stages Grassland, 4 $-0-500 $2 0-05 2-54 Gerard (11 | 
tllolohophora caliginosa 4 units 
(Sav.). Oligochaeta 18 in. sq. 
spp., Symphyla 
Myriapoda 
24 Symphyla. Sevtigereila 14 0-64-1250 0-035 3-08 


TOT 


il as possible 


4 


s much mater 
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a is evidently largely, possibly wholly, a sampling 
factor, depending upon the 


sampling unit and on which estimate of 


or computing size oft 
variance ts 
stated in some of the 


used; this was not clearly 


analyses. 4 appears to be a true population statistic, 
desembing an intrinsi 
organisms concerned and with a 
from near-regular (4 0), 


an “mdex aggregation 
property t he 
continuous graduation 


through random (/ to highly aggregated (4 ») 


lo use the 


st he 


analvsis of variance technique raw data 


transformed to make s? ince pendent ot 


sing expression (2). the 


ofm lm 


is obtained. 


general transformation : 


Integration 
l and, logi 
transformation when 4 2, as 
for highly aggregated popula 
rative fractional 


where is a constant, ives 
a square root transformation when / 
ally, a logarithm 
are commonly used ; 

ons (/ 2) it gives a ne power, 
a reciprocal, as is appropriate to the 
powerful transformation required. 

The power law appears to hold good down to low 
in the This 


unplies that populations aggregated at high density 


for sample 


densities (m 1 material examined here 


tend to become regular when density diminishes, and 
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vice versa: the law mav break down eventually or 


alternatively, perhaps the concept of aggregation 


s* > m) 18 Inappropriate at these low densities. In 


anv event samples consisting mainly of 0's and | 


are likely to need special statistical treatment. 


8. 185 (1986) 


Dew 

Davidson Andrewart! 
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Fleming 
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SURFACE ORIENTATION AND FRICTION OF GRAPHITE, GRAPHITIC 
CARBON AND NON-GRAPHITIC CARBON 


By Dr. J. W. MIDGLEY and D. G. TEER 


Mechanical Engineering Laboratory, English Electric Co. Ltd., Whetstone, near Leicester 


FECHE effect. if any, of surface orientation on the 


friction of various carbons been 
clearly established 
orientation developed by rubbing are conflicting! 
To clarify the position and hence to improve our 


understanding of the mechanism of the friction of 


has not vet 


Indeed, previous reports on the 


wear of these materials, an attempt has been made 
to provide fresh evidence, notably by @ comparison 
of the behay pur of a carbon with a very low degree 
of graphitization® with graphite and graphitic carbon. 
materials have rubbed unidirectionally 
and the orientation studied by 
diffraction 
When 
rubbed unidirectionally 
paper, the surface 
orientated with their 
angle (5-10) to the 


normals tilted agaist 


These been 


surface electron 
graphitic carbon is 
itself, mild steel or 
rapidly 
planes at a 


highly 
against 


graphite or 
erystallites become 
(47) basal stall 
surface with the basal plane 
the direction of motion of the 
opposing surface, as shown by the electron diffraction 
pattern of Fig. 1. 
from the parallel orientation previously reported! 3 is 
significant, since, as the 
the range 0-] 0-2 the 
present with @ compression 
texture with its axis parallel to the resultant of the 
normal reaction and the friction Similar 
textures have been recently reported by Porgess and 
Wilman* to be developed by graphite when abraded 
with emery. 


The deviation of this orientation 
small, but nevertheless 
coefiicient of friction is in 
texture is consistent 


forces. 


The following factors could contribute to the 
formation of this texture: (a) basal plane slip; 
(4) the plate-like shape of the crystallites ; (c¢) pre 
ferential removal of ervstallites in other orientations. 

Concerning the first of these, an electron micro- 
scope study has confirmed that, as previously reported 


Fig. 1. Electron diffraction pattern of rubbed graphitic carbon, 
A, direction of motion of opposing surface ; #, basal plane normals 
make angle of 5-10° to the surface normal 
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and others, basal plane dislocations 


by Williamson 
Furthermore, we have noted 


are present in graphite. 
that rubbing gives rise to an extra ring in the electron 
diffraction patterns which coincides with the norm- 
ally forbidden (111) ring and this is interpreted ahs 
I the diffracting crystallites 
which have been shear to a few atom 
Deacon and Goodman 
films of 


from presence ot 
reduced by 
direction®. 


the case of rubbed 


planes in the [00] 
have s that in 
colloidal graphite the plate like shape of the crystal 
tes plays a decisive part im determining the surface 
believe that the shape of the 
certainly the 
orientation on graphite and 
vraphitic Finally, it that the 
lovelopment of this preferred orientation is assisted 
by the preferential removal of crystallites, the basal 
normals of which are tilted in the direction of 


iyrost« al 


orentation, and we 


erystallites will almost contribute to 


observed THASSIV 


carbon is considered 


motion of the opposing surface, for such crystallites 
will tend to interlock and be plucked out by asperit ies 
on the opposing moving surface. The last mechanism, 
however, could not itself form the observed 
orientation on graphite and graphitic carbon, and it 
with these materials the first two 
mechanisms are the most important. 

Non-graphitic carbon behaves differently. A our 
face orientation does develop, but much more slow!) 
than with graphite, and it eventually consists of 
erystallites the basal plane normals of which ar 
tilted at all angles against the direction of motion of 
the opposing surface, as shown by the electron 
diffraction pattern of Fig. 2. This orientation is 
believed to arise from the preferential removal or 
wearing away of crystallites with unfavourable 
orientations. The structure of non-graphitie carbon 
does not encourage basal plane slip as there is not a 
unique slip direction, and the crystallite shape does 
not appear to play a significant part. 

Simple compression tests have been employed to 
verify that non graphitic carbon does not form a 
compression texture even when subject to a much 
higher compressive stress than that necessary to 
cause graphitic carbon to form the well-known (00/) 
texture. This result is in accordance 


by 


considered that 


compression 


with those of Bacon® and Ali, Fitzer and Ragoss’®, 
with non-graphitie carbon the 


and confirms that 


Electron diffraction pattern of rubbed non-graphitic 
i, direction of motion of opposing surface ; 
plane normals in this quadrant only 


Fig. 2 


carbon, B, basal 
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crystallite shape and slip mechanism are likely to be 


of minor Hnportance un the formation of the rubbing 
texture. 

It has been found that the coeflicient of friction of 
non-graphitic carbon is as low as that of graphitic 
carbon, and yet this low friction is achieved even 
though a high percentage of the surface crystallites 
have their basal planes at large angles to the surface 
Thus, a parallel orientation is not necessary for the 
production of a low friction with non-graphitic 
carbon, and there is no reason to suppose that this is 
also true for graphite and graphitic carbon. 
increase of friction of both 


not 
Howe ver, a temporary 
graphitic and non-graphitic carbon has been found 
of the rubbing cdireetion as 
has been mentioned 
by Fullam and Savage‘). This increase of friction is 
considered to arise from the of 
crystallites which are im unfavourable orentations 
after reversal, with fibres rubbed aganst the 
direction of the scales on their surface (ef. Bowden 
Tabor). The mechanism of the friction 
and wear of graphit e and non-graphitic carbon 
crystallites with unfavourable 
thought to be abrasion rather than intercrystallite 


to occur after reversal 


shown in Fig. 3 (@ similar effect 


interlocking those 
as 
and 


orient arions Is 


attraction 


0-08 
2 
= 3 = 
> > > 
0 500 1,000 1,500 
Distance rubbed (ft.) 
Fig. 3. Increase of friction on reversal of rubbing direction 


The present results are interpreted as giving con- 
siderable evidence in support of the view that the 
low friction of graphite and non-graphitie carbon is 
due to the low adhesion between crystallites’ rather 
than to low shear strength'?. 

A more detailed account 
published elsewhere. 

We are indebted to the Directors of the English 
Electric Co., Ltd., for permission to publish this 
communication. We also wish to thank Mr. R. Brew, 
who took some of the electron diffraction patterns, 
and Mr. R. Suhr, who supplied X-ray results on the 
compression textures. 


of this work will be 
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Toxicity of Industrial Metals 


Ry ETHEL BROWNING Price SOs 


This book provides a survey of the main features of the occurrence 
Preparation, physical snd chemical properties. metabolism and 
toxicology of the principal metals encountered in modern industry 
Special attention has been devoted to the metabolic features ; first 
from the point of view that a knowledge f their paths of absorp 
n xeretion and distribution within the body may indicate how 
and where their potential toxic effects are likely to be exerted and 
therefore in some measure how these effects can be prevented 
secondly, with a view to the increasing importance of the possibility 
f the entry of some of them in radioactive form from nuclear 
it 


Pure Food and 
Pure Food Legislation 


Papers of the 1960 Centenary Conference. 
Edited by A. 3. AMOS. Price 2\s 


When the Act for Preventing the Adulteration of Articles of Food 
or Drink was passed by the British Parliament in 1860 it was the 
first gencral law covering this subject to be enacted in any English 
speaking country In recognition of this pioneering step taken by 
Great Britain, the centenary of the Act was commemorated by a 
conference sponsored by four of Her Majesty's Ministries and four 
earned societies. which attracted widespread support 

In this Proceedings volume chapters cover The 1860 Act and its 
Influence on the Purity of the World's Food ; Pure Food for the 
People the Manufacturers’ Contribution: Pure Food and the 
Commonwealth ; and International Aspects 


London WC2 
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A NEW SERIES... 


Monographs on Applied Probability 

and Statistics 
The success of Methuen’s Monographs in physics, 
chemistry and biology has led to the planning of a 
new series on applied probability and statistics under 
the general editorship of Maurice Bartlett, M.A., 
D.Sc. 


THE THEORY OF STORAGE 
P. A. P. MORAN 


A study of the mathematical theory of situations 


involving either random input or random output 


The author, who is Professor of Statistics in the | 
National University of Australia, has carried out | 


extensive research on dam storage in Canberra 


13s 6d | 


TIME SERIES ANALYSIS 
E. J. HANNAN 


A description of the statistical methods, and the 
mathematical theory behind these methods, which 
have become available for the treatment of time 


series over the past twenty years 2\s 


STOCHASTIC PROCESSES 


Problems and Solutions 


LAJOS TAKACS 


Nearly a hundred problems and solutions taken from | 
the field of physics are discussed together with the | 


basic theorems by which the problems can be solved 


18s | 


STOCHASTIC POPULATION 
MODELS IN ECOLOGY 
AND EPIDEMIOLOGY 


M. S. BARTLETT 


A discussion of models for biological populations in 
ecological and epidemiological contexts where a full 
stochastic (probabilistic) formulation is inadvisable. 

12s 6d 


36 Essex St., London, W.C.2 


MANSFIELD OIL-GAS PLANT 
FOR LABORATORIES’ GAS SUPPLY 


* Reliable * Simple to Operate * Safe 


Provides a gas supply at a constant calorific value of 1.350 
B.T.U.'s per cu. ft. produced from Light Diesel OH, Gas Ot}, 
Paraffin, or other suitable oils available at low cost. 

Enables the efficient use of a full range of modern gas 
burning appliances in any part of the world. Ideal for glass 
blowing and gives perfect oxidizing or reducing flames with 
ordinary atmospheric burners. 

Fer full particulars send details of estimated number of 
burners to be used. 


MANSFIELD & SONS LTD. 


62 HAMILTON SQUARE, BIRKENHEAD 


Scientific Circulations Ltd. 
We have extensive stocks of Technical Journals, Periodicals 
and Textbooks. Special terms for Technical and Commercial 
Libraries. All Scientific and Technica! publications purchased 


111, Eastbourne Mews, London, W.2 


Telephone: AMBassador 6934 


HARRINGTON 
BROTHERS LIMITED 
PERIODIC ACID 

SODIUM & POTASSIUM 

PERIODATES 


G J 2A RY & 2 Ar i RE 
OLIVERS YARD. CiTY ROAD. LONDON 


AG S 


ENT 
E.C.1 


Medicine, one 
Science and | NUMBER TWO 
the Law | January 1961 


OFFICIAL JOURNAL OF THE BRITISH ACADEMY O} 
FORENSIC SCIENCES 
This journal is the platform on which the country’s 
leading forensic scientists will pool their experience 
and knowledge, and in it major developments in the 
departments covered by the term forensic science will 
appear. 
The scientist and medical practitioner are being 
called into court with increasing frequency to give 
expert evidence in both civil and criminal cases. 
This Journal gives complete coverage of all matters 
of medico-legal interest and keeps the doctor and 
scientist up to date with all the statutes, depart- 
mental regulations and circulars and government 
publications which affect his field of study. Every 
court case of interest to the medical profession is 
reported. 
“Medicine, Science and the Law, the official jo urna 
of the British Academy of Forensic Science, has got 
away to a good start; and, judged by the first issue, 
it will interest many besides members of the 
Academy.” —The Lancet. 


Editor: FRANCIS E. CAMPS, op. p.1.M. & H. 
Assistant Editor: PETER ALLSOP, s.a. 
Annual Subscription £3 3s. post free. Quarterly 17s.6d. net 


SWEET & MAXWELL 


11 NEW FETTER LANE, LONDON, E.C.4. 
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ADDISON-WESLEY 


LINEAR ALGEBRA 
By G. HADLEY, University of Chico 


A modern introduction to linear algebra for 
engineers, physical and social scientists 
economists, and those in the fields of opera- 
trons research and programming Takes an 
elementary peint of view which lends itself 
eadily to practical applications. Assumes only 
a knowledge of college algebra and analytic 
geometry 


290 pp. 45 illus, 1961-—SI shillings 


LINEAR PROGRAMMING 


By G. HADLEY 


Presents the theory. computational tech- 
niques, and applications of linear program- 
ming. Oesigned tor those in the fields of 
perations research economics, social 
science, applied mathematics, and engineer- 
ng. Designed to follow the author's Lineor 
Algebro 


420 pp, 68 i/lus, ready May—probobly 66 
shillings 


PROBABILITY WITH 
STATISTICAL APPLICATIONS 


By FREDERICK MOSTELLER, 


Horvard University 


R. E. K. ROURKE and G. B. THOMAS, Jr. 


A textbook for an introductory course which 
requires only two years of high school algebra 
by way of mathematical background. Explores 
the subject deeply. covering topics such as 
sample space, conditional probability, Bayes 


theorem random variables, Chebyshev's 
theorem 
480 pp. 70 iNlus. ready Morch—probably 64 
shillings 


MATHEMATICAL PROGRAMMING 


By S..VAJDA, British Admiralty Reseorch Laboratory 


An introduction to linear and nonlinear 
programming, with emphasis on the mathe- 
matical aspects of the subject. Designed for 
professional mathematicians and statisticians 
and those in operations research and manage- 
ment scrence. Treats also discrete, stochastic 
and dynamic srogramming 
350 pp. 77 illus. ready July—probobly 68 
shillings 
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micro 


hammer mill 


for rapid 
analytieal 
grinding 


Pulverises samples of a few grammes with 
practically complete recovery for analytical 
work. Only 30 to 120 seconds required for 
disintegration of majority of substances 
Crushes stone, coke, peat, bone, chemicals, 
wood, grain, wool, cotton, roots, hay, straw... 


Stainless steel grinding mechanism. Variable-speed 
motor for better grinding control. Quickly inter- 
changeable slide-in screens for accurate particle size 
adjustment. Dustproof closure. Mill swings wide 
open with a mere turn of a thumb-nut allowing rapid, 
easy and thorough cleaning. Maximum charge 120 cc 
Alse available 
Micro Mizer/Mills for ultra-fine dry and wet grinding for X ray 
diffraction, spectroscopy, ciectron microscopy. powder metallurgy etc 


Micro Disintegrator with cooling jacket. Smal! laboratory sample mi! 
for £9 18s. Other small scale laboratory mills 


GLENCRESTON LID. 


37 The Broadway, Stanmore, Middlesex. 


Telephone: Grimsdyke 4215 


ADDISON-WESLEY 


PUBLISHING COMPANY, Inc. 


10 1S Chitty St., London, 


BACK ISSUES OF JOURNALS IN 
SCIENCE & THE HUMANITIES 


ALWAYS REQUIRED BY 
We. DAWSON @& SONS, LTD.. 
Back Issues DEPT., 
16 WesT STREET.. 
FARNHAM, SuRREY, ENGLAND 


Tel: FAPNHAM 4664 CABLES: DAWBOOKS. FARNHAM 


THE MUSEUM BOOK STORE, LTD. 
25 Devonshire St., London, W.! 
(Welbeck 1340) 

Buy and sell Scientific Journals and Periodicals and 
Learned Society Publications in al! languages. 
Librarians, and others, should send us their list of 
“‘wants’’, or duplicates for sale. Binding undertaken 


BOOKS & JOURNALS 


We display some 28.000 recent and standard books on all branches 
of science and iechaolog). Inspection is always tovited ip our 
spacious showrooms, which are conveniently situated. 


POSTAL SERVICE 


We pride ourseives upon speed of dispatch and reguiarty supply 
some of the largest industrial undertakings in Britain and overseas. 
Asnual subscriptions taken for any British or foreign journal 


Call, write, or phone 


CLAUDE (j] | | BooKs 


485, OXFORD STREET, LONDON W.1. 


GRO 5664 (5 lines) 1 min. Martie Arch 
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ACTA HISTOCHEMICA 


Journal for Histological Topochemistry 
Edited by 
HERMANN VOSS, Fena, GERHARD E. VOIGT, Lund, JOACHIM-HERMANN SCHARF, Jena 
SUPPLEMENTARY VOLUME I 


Metachromasia, Fixation and Artefact Formation 
(Vth symposium for histochemistry of the working community for histochemistry from October 24th 
to 26th, 1957, in the Anatomical Institute of the University of Kiel) 
Edited by THEODOR HEINRICH SCHIEBLER, Kiel 
vil © 270 pages, 106 illustrations and 8 coloured tables. 1724 cms. 1958. In boards. DM 50,20 
SUPPLEMENTARY VOLUME II 


Applications of Enzymes and Chemical Agents in 
Histochemical Methodics 


(Discussions of the working community for histochemistry during the VIth symposium in Kiel from 
October 22nd to 24th, 1959) 
Edited by THEODOR HEINRICH SCHIEBLER, Kiel 
288 pages approx., 85 illustrations and 9 coloured tables. 17 <24cms. 1951. In boards DM 57, approx 
SEMPER. 


Please order these volumes from your bookseller 


VEB GUSTAV FISCHER VERLAG JENA As 


German Democratic Republic 


Electromagnetic Fields and Waves Robert V. Langmuir 


A text on electromagnetic theory for senior 16s 
undergraduate and first-year graduate courses, 

which describes the fundamentals of electro- 

static and magnetic phenomena, Maxwell's 

equations, and electro-magnetic waves. The 

treatment is theoretical and mathematical. 


Complex Variables and Laplace Transform Wilbur R. LePage 
for Engineers 975 


A text and a reference for engineering scientists 
in every field which deals with the use of 
mathematics in the analysis of linear systems. 
Complex variable theory, the Fourier trans- 
form, and the Laplace transform are 
described fully, with a brief discussion on 
linear integro-differential equations. 


Introduction to Atomic and Nuclear Physics Otto Oldenberg 


A new edition of a text designed for students 62s 
with at least one year of general physics, which a 

emphasizes nuclear physics, the effects of Third Edition 
electron spin, solid physics, and wave 

mechanics, from both historical and modern 

aspects. 


Fundamental Principles of Bacteriology A. J. Salle 


A thorough revision of a most rigorous and RSs 6d 
comprehensive bacteriology textbook which is = oareee 

sufficiently broad in scope and fundamentals to Fifth Edition 

give the student a firm foundation before pro- 

ceeding to more advanced work. A major 

feature of the revision is an important new 

chapter on the Genetics of Bacteria, by Dr W. 

R. Romig, a noted authority in this field. 


McGRAW-HILL 
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Opportunity 


for engineering 
and science graduates 


ind engineering side of the Post Office 
tive 


ng graduates the most attrac 
tory of the service. The current 
discovery and developments 

of 


ations opens the way to careers 
tance unknown even ten vears ago. 
vacancies for graduate engineers 


new 
ientists for work on new projet 


SOLID STATE PHYSICS SEMICONDUCTORS AND MAGNETICS 


MICROWAVE TRANSMISSIONS BEAM AND WAVEGUIDE 
COMMUNICATION BY SATELLITE 


SPACE RESEARCH 


TRANSOCEANIC TELEPHONY REPEATERS AND CABLE ROUND THE WORLD 
ELECTRONIC CIRCUITRY AND SWITCHING 


MATHEMATICS AND COMPUTER TECHNOLOGY 
The future is limitless. Graduates (and those in their finals vear) 
are invited to write now for full information to 


T. J. Rees, Engineering Dept. O (na3), 2-12 Gresham Street, London, E.C.2. 


ISSUED BY THE GPO 
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IT HAPPENED THIS MONTH... 


a glance at vesterday in relation to today 


IN MARCH —( 1884) — Science reviews a Brazilian pamphlet on the genesis of 
beriberi. Dr. J. B. DeLacerda cultured blood of beriberi patients in meat solution 
and obtained a microphyte similar to the “bacillus of earbuncle’. Animals in 
fected with this organism succumb to paralytic disease in 5 to 20 days. The 
microphyte was then recovered from the muscles and spinal medulla. “From 
these facts the author draws the logical conclusion, that beriberi is a parasitic 
disease. and that the parasites attack particularly the blood, muscles, and 


medulla.” ! 


With the help of an increased fund of knowledge, we now know that heriberi 
results from defieiency of cocarboxylase (thiamine py rophosphate ).a derivative 
of vitamin B,. Schwarz BioResearch is a leading supplier of cocarboxylase, as 
well as other important metabolic cofactors such as ATP, ADP, adenylic acid, 
flavin adenine dinucleotide, DPN, guanosine diphosphate and guanosine tri- 


phosphate. Many of these have been labeled with C''. 


IN MARCH —(1921)— Frederick Gowland Hopkins reports the discovery of a 
new sulfhydryl compound in yeast, liver. and muscle cells.” This compound 
appears to contain a dipeptide of glutamic acid and cystein. Although present in 
low concentration, it accounts for almost all the non-protein organically bound 
sulfur in the cell. The cystein moiety is found to change readily from the sulfhy- 
dryl to the disulfide state under the influence of factors shown to be present in 


the tissues. 


In the intervening 40 years, we have learned that the compound actually 
contained a third amino acid, glycine, and was the tripeptide we now call 
glutathione. /f you are interested in carrying still further an investigation of the 
chemical or biological properties of glutathione, Sc hwarz BioResearch ean 
supply you with both the oxidized and reduced forms—plain or labeled with 
S” or Cl’. We car also provide you with the common sulfur amino acids and 
many of their derivatives. Write for our latest catalog and price list. 


IN MARCH—(1949)—Otto Meyerhof publishes another of his interesting 
papers in the field of carbohydrate metabolism. Previous studies had shown 
that large amounts of phosphorvlated hexoses are required to maintain steady 
continuous glycolysis in homogenates or centrifuged extracts of malignant 
tumors. In the absence of such phosphate donors, continuous glucose utilization 
ean occur only if the activity of ATPase (in terms of phosphate turnover) is 
twice that of hexokinase. Meverhof and Wilson* show that enzymatic balance 
may be obtained by adding yeast hexokinase or inhibiting the activity of the 
tumor ATPase. 


Enzyme chemists who are studying tumor glycolysis or have similar interes! 

will find useful substrates among the wide variety of sugars. sugar phosphates. 
and related compounds such as }-phosphate diethylacetal, 
offered by Schwarz BioResearch. Many have been labeled with C'+. Additional 
compounds can be prepared on special request. Write for our latest catalog anid 


price list. 


, SCHWARZ BIORESEARCH, INC. + Dept. 3H + Mount Vernon, New York 
» 


BIOCHEMICALS * RADIOCHEMICALS * PHARMACEUTICALS for research, for medicine, for industry 
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The name that counts 
in High Pressure 


Ermeto engineers have developed the largest 
range of high pressure fittings in the World. 
The couplings are made in mild steel, 

Stainless steel, brass, aluminium alloy and 

high duty bronze. High pressure vaives 

and flexible hose assemblies are aiso 
manufactured. A large number of non-standard 
fittings are produced to meet customers’ 
individual requirements. Our technical staff 
are always ready to provide further information. 
The Ermeto catalogue is an essential reference 
when designing high pressure circuits. We 


shall be happy to forward a copy on request. 


ERMETO 


BRITISH ERMETO CORPORATION LTD 


MARGRAVE RO MAIDENHEAD BERKS MAIDENHEAD 510 
A member ofthe Alenco Group of Companies 
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Stop Watches 


and industria! use are 
supphed to industrial organizatx 
and research establishments 
ics are welcomed. 


for scientific 
ns 


Sectional cataloques 
and leaflets acailable : 
Watches, stop watches 

and chronographs. 


apparatus 


( ks, domestic and 


s and tme 


Repair Serrice 
Watche stop watches and cloac 
Marine chronometer 


Model 308 
1/30th second 
recording up to 


escapement 
10 minutes 


NPL certification if required 


Sectional catalogue and leaflets 
available. 


CAMERER CUSS 


Timing Division 
Makers of Good Clocks amd Watches since 1788 
at 54°56 NEW OXFORD STREET, LONDON, 


MUScum 8968/9 
Service and Repairs: MUSeum 2255 
Our only other address: 91 Kingsway, W.C.2 


THE NEW 


THERMOSTATIC BATH 


(TYPE C.T. 3) 
A CONSTANT TEMPERATURE BATH 


STABLE LONG TERM 
PERFORMANCE 


The bath may be used with either water or oil. The tem- 

perature range covered by the contact thermometer is either 

10 C. to 70 C. or 70 C. to 130 C. Both thermometers are 
readily interchangeable. 


COMBINING 


New Temperature 
Control System with 
no moving part. 

accuracy better 
than 0.01°C. at 100°C. 


any part of thecontrol | 


replacement of | 


gear, heater or stirrer 
without draining the | 
bath. 

telarge area double 
glazing on each side 
affords maximum 


vision for isometry 
at any temperature : on 
up to 130°C. wen 


LABORATORY THERMAL EQUIPMENT LTD. 


GREENF.ELD, Near OLDHAM 
Saddleworth 2788 ENGLAND 


Instrumen 
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COLORIMETER 


Comprehensive 8-page brochure 
post free on request 


JAMES SWIFT & SON LTD. 
113-11SA Camberwell! Rd., London, S.E.5 
RODney 544! 


A compact sodium light source, eminently 


suitable for most laboratory purposes 


RAYNER 


160 NEW BOND STREET, LONDON, W.! 
Mayfair 0128 


Heathway 
Glass Working Lathes 


are known throughout 
the world 


© 5 types available 


@ May we send you 


leaflets ? 


The new universal model in 
its vertical position 


HEATHWAY MACHINERY CO.LTD. 
UXBRIDGE ROAD, HILLINGDON, MIDDLESEx 


TELEPHONE: UxeRrioce 6345 


Agents in the U.S.A. and France 
Richoux Co. Inc., 1133 Broadway, New York 10, N.Y. 
Ets. L. Richoux, 22 Cité Trévise, Paris 9% 
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HEATING UNIT fora 
HIGH TEMPERATURE 


VACUUM FURNACE with a 
Tungsten Rod Heating Element 


mounted on the Inner Molybdenum 


Radiation Screen 


MUREX LIMITED (Powder Metallurgy Division) 
RAINHAM + ESSEX - Telephone : Rainham, Essex 3322 


Telex : 28632 Telegrams Murex, Rainham-Dagenham Telex 
London Office : CENTRAL HOUSE, UPPER WOBURN PLACE, W.C.1 EUSton 8265 


The Completely 
Battery-operated Portable 


POTENTIOMETER 
RECORDER 


Miniaturisation par Excellence! 
For sheer versatility, there is nothing to approach this 
new MERVYN Instrument . . . its uses are legion 
both in the factory and in the field. It is the only 
Potentiometer Recorder that is both portable and self- 
contained— weighing just 17 Ibs., complete with its own 
INTERNAL DRY BATTERY POWER SUPPLY. 


* Internal Battery Power Supply has a life of 250 hours 


* Low Drift Transistor Chopper operating at a frequency 
chosen to minimise $0-cycle interference 


* Batiery-driven motor for the combined Potentiometer and 
Writing Drive 


* Transistorised amplifier and voltage reference from Zener 
Diode 


* Inkless Recording using day clock mechanism 
The ranges acceptat r ” nb up 


O-1 volt, by Interchangeable Range Cards 
Write for further information 
mentioning Nature,’ to 


WOKING - SURREY - ENGLAND 
Tel: Woking 5200-3 


- = 
3 
2: For temperatures up to 1,700 C. 
INSTRUMENT INSPIRATION 
4 
PROTA 


We need graduates JW for the world’s mos 
modern glass research laboratory 


This is the mass spectrometer—just one of the ad- 
vanced pieces of equipment being installed at Lathom, 
Lancashire, the new group research department, built 
by Pilkington Brothers—the largest glassmaking or- 
ganisation in the Commonwealth. 

At Lathom nearly a quarter of a million square feet 
—more than five acres—of laboratory space is planned 
on the most modern lines, all equipped with the most 
modern equipment you will find anywhere. 

Here are opportunities for 150 graduates to do 
research and development study which is unlimitedin 
scope, in laboratories which have no equal of their 
type in the world. 

There is the opportunity, too, to become a research 
worker in the truest sense. Pilkington staff are en- 


couraged to keep in touch with research in University 
and other fields, and to attend meetings of learned 
societies and professional bodies, and symposia with 
other workers in similar and related fields—both in 
this country and overseas. 

They are encouraged to publish the results of their 
research, and in the past years many papers have been 
published by Pilkington research staff. 

There are places at Lathom for engineering, physics, 
chemistry,and mathematics graduates, and successful 
applicants will find the most rewarding conditions of 
employment. 

Please write to Mr. W. J. R. Merren (Director of 
Research), Pilkington Brothers Limited, St. Helens 
Lancashire. 


Pilking'tons 


the greatest name in the world of glass 


PILKINGTON BROTHERS LIMITED 


CHANCE BROTHERS LIMITED 


FIBREGLASS LIMITED 


CHANCE-PILKINGTON OPTICAL WORKS 
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Rival Theories 
of Cosmology 


A SYMPOSIUM AND DISCUSSION OF 
MODERN THEORIES OF THE STRUCTURE 
OF THE UNIVERSE 


H. Bondi, W. B. Bonnor, R. A. 
Lyttleton and G. F. Whitrow 


‘All of this material, originally prepared for 
broadcast talks in 1959, is so fascinating and 
so clearly presented that it deserves even 
greater success in its new permanent form.’ 
GLASGOW HERALD gs 6d net 


OXFORD LIBRARY OF THE 
PHYSICAL SCIENCES 


Two new volumes 


Electromagnetic 
Structure of Nucleons 
S. Drell and F. Zachariasen 


A critical review and analysis of recent studies 
of the electromagnetic structure of nucleons 
Chapter I defines electromagnetic form 
factors precisely. Chapter II discusses the 
different types of experiments which have 
given information on these form factors with 
emphasis on theoretical assumptions and 
approximations used in analysing experimen- 
tal numbers. Chapter III deals with recent 
dispersion theoretic analyses of the form 
factors, and Chapter IV discusses the validity 
of quantum electrodynamics showing how 
possible deviations in this theory alter nucleon 
form factor analyses. TJext-figures 12s 6d net 


The Fundamental 
Atomic Constants 
F. H. Sanders 


The accepted values of the atomic constants 
e, h, m, N, and c and related quantities are 
derived from the results of high-precision 
measurements. These experiments are here 
described in detail, and a brief explanation of 
the method of deriving the best values of the 
constants from the results is given. A back 
ground of early experiments involving direct 
and indirect determinations of the constants 
is presented, and a chapter is devoted to the 
measurement of the velocity of light. The book 
should be useful to both undergraduates and 
post-graduate workers. Text-figures 10s net 


Oxford UNIVERSITY PRESS 


Mathematical 
Snapshots 


H. Steinhaus 


The simple text and clear illustrations in this 
unusual book on mathematical phenomena 
make it one which can be enjoyed by anyone 
with a knowledge of elementary algebra. It 
ranges trom simple tricks, puzzles and games 
to more advanced mathematical problems 
New edition, revised and enlarged, with dia 
grams and plates 48s ner 


Source Book in 
Astronomy 1900-1950 


Edited by Harlow Shapley 


The advances in engineering and in instru 
mentation for the physical sciences have had 
far-reaching effects on astronomy. In_ the 
sixty-nine contributions collected here, widely 
known scientists give lucid accounts of their 
observations, inventions and thoughts 

Harvard University Press Ros ne 


The Planetary Equa- 
torium of Jamshid 
Ghiyath Al-Din 

Al Kashi (d. 1429) 


AN EDITION OF THE ANONYMOUS 
PERSIAN MANUSCRIPT 75 (44B) IN THE 
GARRETT COLLECTION AT PRINCETON 
UNIVERSITY 

BEING A DESCRIPTION OF TWO 
COMPUTING INSTRUMENTS IHE 
PLATE OF HEAVENS AND THE PLATE 
OF CONJUNCTIONS 

With Translation and Commentary by 
KENNEDY 

This is an account of an important develop 
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LETTERS TO THE EDITORS 


ASTROPHYSICS 


Rotation Period of the Artificial 
Satellite 195851 


ReEcENTLY, C. R. Faulkner! has that 
changes of the rotation of 195841, especially the 
decrease of the period during the last days in Novem- 
ber 1958, may be explained in part by a strong 
westerly wind in the upper atmosphere 


suggested 


Fig. 1. Period of rotation of 195541. @, Per 


of scintillation from observations in Pabelsberg and Potsdam 
Scintillation period from some 


Consider tirst the influence of the rotation of the 
Earth’s atmosphere on the speed of the rotation of 
the satellite. According to King-Hele?’, in the presence 
of atmospheric rotation, a factor F, which is 0:95 
for 195881, must be added to the aerodynamic force 
acting in the direction opposite to the velocity of the 
satellite. Similarly, the formula for the momentum, 
braking the rotation of the satellite’, must be altered 
to the form (neglecting for a moment the component 
of the atmospheric rotation acting vertically to the 
path of the satellite) : 


cons! 


l 
3H F, cos 2B} (1) 


Dp ra/F oF, 
This formula holds for a long cylinder of diameter 6 
and length L (L B). F, and F, are the drag 
coefficients for rotation ; they change by @ maximum 
of 24 per cent, depending on the position of the rota- 
tional axis. H is the seale-height of the atmosphere. 
Z B denotes the angle between the pole of rotation and 
the pole of the orbit of the satellite. The introduction 
of the faetor F in Dg changes this momentum to 
approximately 0-97 (for 195861) of its former value. 

Further, the rotation of the satellite will be in- 
fluenced by the component of the rotational velocity 
of the atmosphere, acting vertically to the orbit of the 
satellite : 


ul of rotation with limits 


other sources (ref 


| p We \ 
Here o 


distance 


means the Earth’s angular velocity, rp is the 
from the Earth's centre at 
nelination of the orbit to the equator. This compon 
ent is of influence only in the vicinity of the equator 
0), but even there, its contribution is limited t« 


the 


& maximum of 1-5 per cent of the momentum given 
by (1), because its action is equivalent to a small 


displacement (max ~4) of the position of the 


f error (October Is two possible solutions). Period 


, Uncertain (November 23 
7 and Tatum, J. B 


iumplitude of light variation very 
private communication) 


rotational axis with the orbit of the 
satellite. This causes the coefficients F, and F, in (1) 
to change slightly (by maximum of 1:5 per cent as 
mentioned above). 


respect to 


Because of the smallness of all these factors, we 
think it impossible, using the observations so far 
available, to prove that the rotating atmosphere 
can have an effect on the rotation of satellites, 
and even less provide evidence of strong winds 
in the upper atmosphere. From the theoretical 
point of view, an acceleration of the rotation as 
indicated in the last days of November (see Fig. 1) 
100 
sec., provided the position of the rotation axis is 
favourable. 

It is quite certain that the observed period of 
flashing of 195841 is not identical with its true 
rotation period'*. An attempt to calculate the real 
period from the observed flashes has shown® that very 
great deviations up to about 0-9 sec. from the true 


is only possible for periods exceeding about 


period may occur, especially if the distance of the 
satellite from the observer is small (for example, 
July 1-25, 1958). A similar effect may be present at 
the end of November. Therefore it is not necessary 
to explain the behaviour of the rocket at that time 
by a real acceleration of its rotation. Unfortunately, 
it was not possible for us to determine the true period 
from the known observations in November, because 
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ly known 


Novi 
OOLEAK 
iwarte Babelsh» 
dam-Babelsbery. 


rh the 
tumbling is the 
! 


period 
owance for the différence: 
period and the true rotation period 
Scotland l ind that 


flash period hi 


w from the north of 


vernber 27-28, 1958, the wl fallen 


> sec, mm tramsits across the uth-west at about 


8s possible to show that only half 
we can be atti ten more 


of sight. 


rapid move 


the observe if it is assumed 


ibe s could never be more 


ater than the number of ‘tumbles 


In constructing Fig. 1, L have used only published 
Each 


of uncertainty as drawn 


where T 


large numbers of flashes 


vives an initial range 


between \ and \ 


econtaming \ 1) flashes 


observations!’ of 
result 
s the interval 
The for the full rotation period 

2T'j(N 


TSO) 


vives consistent results, where 9 is the angle of move 


ment of the line of sight during an observation. The 
F contains what 


broken curve in Fig. 1 appear to be 
variation Apart from 
timing errors, the true curve must pass through the 
tie-line pomimng TiINto 
at a position depending on the value of 6, and there 
fore closer to T'/(.N 1) when 4 is large. 


essential features of the 


1) for each observation, 
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observations 


Any outhern hemisphere 
wvee) during May or June 
check on the form of the early 
accepted that a real 

there follows the problem 
iy an explanation The 


ntroduces @ non-svinmetry of the correct 


would be 
valuable Variation 
If it change took place, 
in Nove mer, 
eross-win 
kind, but I 


avree it should be stated relative to the satellite, 


idea of a 


an 
the combined effect of rotation of the 
than the 


represent 

pra and any westerly flow greater 
velocity of the Earth. 

seemns necessary to seek an additional combine 


Variations 


and H 


and extreme 


Notmi 


of deviations from, 
the ideal model used by P 

ak in their verv thorough analvsis 
During an interval when the change in angle J? i> 


all, the braking moment Dp is controlled by 
the air density at perigee lated from 


rt of perigee’, the air den 


from the 


the he 


and the deviation mean 
this satellite 

August until the 
nerease of 9 was small, and, apart from the 
period of solar During 
period, the braking 
constant In 


From end of Oh tober the 
28-day 
this 


disturbances, il 


moment have 


November, 


appears 
inmereased at a greatly 
increasing rate, While my Fig. | represents an increasing 
acceleration of tumbling. The data are not accurate 
enough to prove that the increase of acceleration is 
proport onal to the increase of air density, but an 
explanation of the changes can be advanced on this 
tron 
This first of a 
mechanism to convert of the 
ar frietion to aceelerating torque, 


requires proot 


most 


and second, a main braking force 
independent of the air density 

The acceleration might arise from 
large non-symmetries of shape and 
distribution in the rocket 
body, and a true windmill effeet 

A precise evaluation of the 
contribution of magnetic damping 


weight 


may prove to be significant For 
the case of a small rapidly rotating 
spherical satellite, Davis, Whipple 
Zirker*® found that the effect 
of air friction should be 
orders of magnitude 
the expected damping of 
by the Earth’s magnetic 
For 195841, there are 
of 500 in the rate of spin, 
perhaps 10 in the ratio of 
length to diameter 
Note added proof. I have not yet 
study the discussion of magnetic retardation by 
Notni and Oleak in their ref. 6 
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factors 
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HD 101065—a GO Star with High Metal 
Content 


April 26, 1960 thie ise of a spectro 
survey of stars \ large proper motions, a 
f the eighth nu tar A/D LOLOHS 
observed with the Zeiss spectrograph at the 
focus of the 74-in. lescope at Mount 
This fied as a Bo 


Henry Draper Catalogue, 


spectrum 
Was 
Newtonian 
star, 


Stromlo Observatory 


tar im the proved to be a 
iuch cooler star with a peculiar spectrum ol unknown 
type The this 


from the contimuum, and confirmed by 


spectral typ of star as ostimut i 


late thurs ‘ 
undertaken at my request by 


photometry 
Ko The spect! itn however 


Whiteoak, 
hvdrogen lines corresponding to class 


olour 
Mr. J. B 
shows strong 
FS or GO. The assumption that this star may 
could not be substant ated by 
the spectrum in the violet region 


limes niformly 


have 
a composite spectrum 
th appearance ot 

nee the strength of all Balmer ! 
corresponds to that of a au star. The ct natant racial 
of 2-3 1-0 km. /see thre« 
photometry lesertbed 


Fil) ws not a 


velocity (basedi on 


plates 


and the 


igvest th: star 


here also gu 
binary 

In view of the fact that no explanation could be 
found for the discrepancy between the spectral type 
determined from the and from hydrogen 
(besides the that the 


question has a peculiar spectrum) at my 


troscopy 


continuum 
nes obvious fact star im 
request 
this star was recently observed photoelectrically by 
Dr.G.k 
lhe results of these observations are shown in Table | 
together with similar data for HD) 19373— a normal 
dwart.; Persei' and #71) 140283 

(Stebbins, J and Kron, 
private Like the two other 
Hl) 101065 is in all probability a dwarf, as the 
fairly high annual proper motion of 0-054” and the 
six-colour photometry suggest. All three stars agre« 
blue, green and red, and there 
essentially 


Kron in six colours (private communication 


Sequence 


treme G2? s ib dwart 
communication). 


stars, 


we il three colo irs, 
fore should have the same effective tem 
perature not differing much from that of the 
If the difference in the infra-red is interpreted as a 
temperature ¢ ffoct the star HD 101065 should be the 
hottest and the sub-dwarf HD 140283 the coolest, 
but the difference should not be large. The thre 
differ, however, considerably in their violet 
and ultra-violet colours. The sub-dwarf HD 140283, 
vhich according to # H Aller and J. L 
and B. Baschek a nevhgibl 
of metals im its atmosphe re, possibly only 1/200 of the 


Sun 


stars 


(sreenstem 
contains only amount 
amount of metals in normal main sequence dwarfs, 
s the bluest. while the star 17D 101065 is the reddest 
The differences in the violet and ultra-violet are due 
to the differences in the dears that is. 
to the differences in the abundance of metals The 
star H/D) 101065 should therefore have a much higher 


of blanketing, 


metal in its atmosphere than main 
This is suggested by the 
appearance of its spectrum, which contains about 500 

_mostlv unidentified, in the range 47.3922 4528 A 
36 A. Hy, 


sper trograph at the 


abundance « f 


sequence dwarf also 


ites with a dispersion ot mm. at 
taken the 


Cassegrain focus of the 30-in 
The high abundance of metals is also suggested by 


with three-prism 


Re vnolds telesc Ope. 


the appearance of the continuum. It can be expected 
that the the 
absorption coefficient would suppress the continuum 
helow 4300A. or possibly up to 24400 \., and therefore 


contribution of metals to cont imuous 
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h content of metals would change the continuum 
thet the 


Since 


star would appear to be of a 


timated from the 


he sense 
the speetral type 


from the 


later typ 


continuum and three-colour photometry 1s 


KO, while the 
spectral type G0, t he 


indicates: a 


which 


temperature of the star 


abundance of metals 


marked chan rm the appear 
indeed 
which I 
future a@ pre 


at 


would CULL ch ab 
ance of the 
It ~ hoped that thre 
started will provide in the near 
of metals. I 


spectrum must be very high 
specltroscopre study 
heave 
cise figure for the abundance 
that the abundance of metals will prove to be many 
times higher than that of normal main sequence stars 

The 
spectrophotometry recent ly 
by Prof. L. H. Aller will be described in another paper 
This paper will also contain a 
che scription of the the main 
however, are briefly noted here. The ionized 
lines JJ and AK, which are 
and G dwarfs and even in sub-dwarfs, 


energy distribution based on photoelectric 


see ured ut request 
now in preparation 
detailed 


features, 


spectrum ; 


caleium very prominent 
n normal F 
are faint and approximately equal in strength to 
hvdrogen lines Also, the absorption spectrum of 
iron is greatly suppressed and only three 
iron (224045, 4063, 4071 A.) can be seen beyond any 
doubt ; the line at 24045 .A. is fairly strong. The lines 
of ionized strontium at 74077 A. and of barium at 
74554 A. on the contrary are considerably strengthened 
The speetrum 


lines of 


In COMparison with normal dwarts. 
shows about 500 lines between 373922 and 4528 A 

the majority of which have not yet been identified 
Preliminary identifications seem to suggest that many 
lines should be attributed to rare earths. The spec 
trum any @ band, which could be 
interpreted as an indication that the abundance of 


does not show 
carbon is low 

The high abundance 
with the magu 
as well as the high abundance of rare 
earths that the HD 101065 is in an 
advanced stage of stellar evolution. The star appar 
ently passed through a stage of evolution in which 
heavy elements were built up by slow neutrons. I 
presents the same evolutionary problems as S stars, 
by the fact that in all 


of barium and strontium 


two elements number of meutrons 
im their nuclei 


inclieate star 


complicated addition 
probability it is a dwarf 
I wish to thank Dr. G. E. Kron, who at my request 
observed the star HJ) 101065 in six colours in spite of 
the fact that this meant a loss of valuable observing 
time during his stay on Mount 
Stebbins and Dr. G. E. Kron for their permission to 
use unpublished data on HD 140283, and Mr. J. B. 
Whiteoak for securing the UBV photometry of HD 
101065 at a time when this could not be done by me 
ANTONT PRZYBYLSKI 
Mt. Stromlo Observatory, 
Australian National University, Canberra. 


short Stromlo, J 


$40 (1956) 
Supp. No 


und Kron, G. E., Astroph J., 123 
Aller, L. H., and Greenstein, J. I istrophys. J., 
(1060) 


hek. B.. Z. Astrophys., 48, 95 


Stebbins, J 


1959 


739 
) nA 
Sta 
at 
1402" 
a hig 
inh 
ie 
46 
{ * 


RADIOPHYSICS 


The Total Electron Content of the lonosphere 
during the Magnetic Disturbance of 
November 12-13, 1960 

MEASUREMENTS of the total electron content of the 
phere by observation of the differential Faraday 


tuciing of radio echoes on two close ly spaced 


frequencies were first made by Evans Use of a 
transit aenal limited observations to | hr per day ana 
permitted only the mean diurnal variation of the 
total electron content (n,) to be obtained. Similar 
measurements are now be ing made with equipment 
mounted on the 250-ft. Jodrell Bank radio telescope 
th allows up to 16 ho continuous observation a day 
ind gives reliable information on short-term and 


lay-to-day variations im The frequencies used 
ive 100-60 and Me 

Ihe present communication presents sore results 
btainmed during a magnetic disturbance during 
November 12-14, 1960. The sudden commencement 
preceding the maim phase of the disturbance occurred 
between 12.00 and 15.00 hr. u.t. on November 12. 
ind the most intense phase of the disturbances 
K 7) was between 18.00 hr. on November 12 
md 15.00 hr. on November 13. Curves of n, vs. time 
or each of the days November 11-14 are shown in 
Fig 1 (full lime The periods covered are those 
vhen the Moon wae at a hinh om ugh elevation to 
permit useful observations The curves have been 
orrected to local mean time at the sub ionospheric 
and the mean sub-ionospheric latitude is 
0-0 N. Also shown in Fig. | are hourly values of 
the maximum density IN (points) derived 
from /,F2 values for Slough (51-5° N. geographic, 
43° N. geomagnetic) and 3 hourly K indices for 
the Hartland Magnetic Observatory 

K was low throughout the observational penods on 
November 11 and 12, and the », curves for these two 
days are normal The disturbance began shortly 
after moonset on November 12, and the my, Curve for 
November 13 covers a large part of the most intense 
phase of the disturbance nm, os lower! than normal 
luring the pre-sunrise period, and also shows an 
tbnormally low rate of increase after sunrise, so 
that its midday value is less than one-third of that 
on the two preceding days V,, 28 unmeasurable at 
Slough from 19.00 on November 12 until 03.00 on 
November 13. and is abnormally low throughout 
November 13. fjoth and are verv low in the 
pre-sunrise hours of November 14 and both have 
returned to them normal values by midday on this 
day Aurora was visible almost overhead at Jodrell 
Bank shortly before rmoonrrse on November 13. 
but had retreated to the northern horizon before 
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Fig. 1. Total electron content (m;, full line) and Slough maximum 
nts) vs. time for each day during Novem 


ber 11-14, 1960. Also shown are Hartland K AK) and the 


ipproximate time of the sudden commencement on November 12 
Upper limits are indicated as «. Units m,, 
lumen \ ectrons/« ¢, br 
obs« rvations be van. Visual observations of aurore 


in the British Isles for the night of Novernber 12-13 
(Paton, J., private communication) show that it is 
unlikely that an aurora was present in the line of 
sight to the Moon at any subsequent time 

Some relevant parameters for each of the four days 


are shown in Table 1. Listed here are n, at 05.00 
and 10.00 hr. : the mean rate of increase, dn,/dt, 
between 07.00 and 10.00 hr.; and the equivalent 
column height, m, Nw», at 05.00 and 10.00 hr The 


error in nm, is proportional to the error of measurement 
of the total number of Faraday rotations This latter 
error 1s normally , rotation, ama the corre sponding 
errors im fy, are listed in Tabl a The errors shown 
for November 13 are rather larger than normal 
This is partly because the Faraday fading on this day 
was slow and erratic throughout, and also because 
the record was partially obscured by interference for 
about an hour just before dawn 

The pre-dawn values of nm, are very low on both 
November 14 and 13; since magnetic activity was 
much lower at this period on November 14 than 13, 
the low value on the former date can probably be 
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attributed to normal night-time decay following a low 
noon maximum on November 13. The low 
in, dt after dawn on November 13 suggests that one 
effects of the disturbance may be either an 
mecreased rate of ised rate 
f production of electrons in the lower levels of the 


value of 


f the 
recombination or a decr 
where most of the ionization originates 
Che equivalent column heights at 05.00 hr. lie in the 
Nove r 14. 


abnormally high 


ionosphere, 


norma! range on November 13 and 
but this parameter appears 
at 10.00 hr. on November 15. 
Several workers have measured } 
lly disturbed periods by observat 
Hame and St 
in 7, at two periods of high n 
Ross? finds an inverse 
and Ay, the correlation good in 
but winter. Garriott! finds 
normal values of n, and abnormally high equivalent 
column he irbed days, the 
winter half of the 


to be 


; during magnetie 


ions ot 


art? report deereuses 


sions Ot sateilites 


wity 


wynetic 
the vernal ex correlati 
between beimg 
the summer poor in the 
vhts on dist observations 
to the 


are mot 


applying mainly vear 

Phese 
with the pre sent omes, since all the previous observa 
iably lower 
Maeda Sato® have 
ionospheric disturbances 

f F2 decreases) at all 


in medium latitudes disturb 


results necessarily inconsistent 


tions were made at appre 


latitudes than apply here. and 
shown that, at high latitudes, 
are mainly 


times of the 


‘negative’ im tvy 
vear, whilt 
ances are predominant ‘ative im summer, but 
may be either positive or negative in The 
importance of the described in this 


communication is to show that, at least on the present 


winter. 
observations 


occasion, the reduction in N,, was accompanied by a 
proportional reduction in 7, Thus there appears 
to have been a scaling down of the whole ionosphere 
rather than a vertical redistribution of ionization 
within it 

I wish to thank Sir Bernard Lovell for the use of 
the facilities of the Nuffield Radio Astronomy Labor 
atories and Dr. J. H. Thomson for valuable guidance 
Thanks are also due to the Director of the Radio 
Research Station (Department of Scientific and Indus 
trial Research), Slough, and the Superintendent of the 
Magnetic Department, Royal Greenwich Observatory, 
for permission to quote pre-publication values of 
fF 2 This work was 
earried out under Contract No. 


1F'61(052)-172. 
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and A indices respectively. 
U.S. Air Force 
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Nuffield Radio Astronomy Laboratories, 
University of Manchester, 
Jodrell Bank. 
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PHYSICS 


Optical Demonstration of Bragg’s Law 


demonstration of 


A and rather striking 
Bragg’s Law can be given by making use of Lipp- 
mann’s mothod for producing colour photographs' 
In this method a photographic plate with an extremely 
fine-grained emulsion is placed with its sensitive 
layer on a mercury surface. It is then exposed from 
above, through the glass plate, to monochromatic 


light, for example from a sodium are lamp. Due to 


NATURE 


741 


reflexion at the mereury surface, standing light waves 


are produced in the sensitive laver, which, after 
development, give rise to parallel equidistant layers 
of photolytie silver, with a spacing equal to half the 
wave-length of sodium light 
Such ib plate, ot dimensions, for example, 3$oem 

by B. Phielix, 
using, with some modification, a method described 
by H 
inserted im an ordinary spherical glass flask as used im 
10 em.). The 
reflexion at 


3 em. (prepared in this Laboratory 


Lehmann), is fixed on a revolving holder, and 


chemical experiments (diameter about 
is tilled with benzene, to prevent 


the outer surface of the emulsion layer. If 


flask 
now a 
parallel beam of white light, after passing through 
the solution, is reflected by the Lippmann plate, the 
latter acts as an ‘interference mirror’, and reflects 
a coloured beam, the colour changing with the angle 
of uweidenee. The reflected beam, when falling on a 
sufficient strength to be 
In the 


have performed it, the colour changes from yellow 


sereen, is ot 


visible im a leeture room experiment as | 
at a vlaneing angle @ in the neighbourhood of 90° to 
violet at G6 about 45 

The arrangement 
influence of a slight change im spacing On the reflected 
By breathing on the sensitive layer, a 


hich 


may serve to illustrate the 
wave-length. 
slight swelling of the 
produces a considerable change im colour, from yellow 
to red for @ close to 90°, whereas for 9 ~ 45° the colo 
of the reflected violet to 
blue Thus 
angle’ and 


gelatine takes place, 


mily from 
sensitivity of 


livht 


beam changes 
the different 
low-angle’ reflexions for a 


also ‘high 
change 
in spacing can be illustrated 

I do not know whether this ‘application’ of Lipp 
mann’s plates has already been elsewhere. 
In most interesting paper on “The ¢ ‘rvstal Structure 
of Tipula Iridescent Virus as determined by Bragg- 
Reflection of Visible Light’, A. Klug, (the late) 
Rosalind E. Franklin and 8. P. F. Humphreys-Owen 
analysed a crystal with lattice spacings so large that 
these could be measured by reflexion of visible light 
Dr. Klug told me that cells containing these virus 
crystals had been used to demonstrate Bragg s law 
optically. This that the 
demonstration m ght be of some interest. 


W. G. 


suggested to me above 
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Laboratorium voor Fysische Scheikunde 
der Technische Hogeschool, Delft 
! Lippmann, G., C. R. Acad, Sei., Paris 112, 274 (1891). 
See Hdb. d. angew, u, wiss. Photogr., 4, 247; 8, 222 (Wien 
Klug. A., Franklin, Rosalind E., and Humphreys-Owen, 5 Pp. F 
Biochim. Biophus, Acta, 32, 203 (1959 


Acceleration of Deuterons in a Synchrotron 


Because of the theoretical interest in the study of 
the collisions between nucleons, all the large heavy- 
particle synchrotrons at present operating have been 
designed to accelerate protons'. In many of these 
machines, however, the frequency of the accelerating 
voliage can be pre-set to follow any suitable law of 
variation with magnetic field. There is nothing then 
to prevent the acceleration to an appropriate energy 
of particles with an e¢/m different from that of the 
proton providing that they ean be injected, 

In the Birmingham proton synchrotron® the radio- 
frequency law was originally obtained by a rotating 
condenser which varied the capacity in an oscillator 
This svstem has been suecessfully 


now 


5 
3 
1959 
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analogue compte r a tunmetion 
ibva uri! proport onal to the rate 
of magnetic field, the output signal con 
a variable capacitance diode im sci llate 
Thus allows considerably greater exibilits 
njection energy and small aperture of } 
Birmingham severe limits on the 
bl f the radio freq nev at imypection 
requires mal to noise (and 
10 
has been achieved It 
been wossible to 
erate che readily 
th matallation 
ipphed to the radio-frequency 
on souree of the vnehrotron nyeector With the sere 
nyection energy for protons (460 keV.) a beam was 


found to enter the svnehrotron vacuum svstem and to 


circulate before acceleration at a magnetic field of \ 
mes the value for protons This beam was carned 
to full energy (estimated from t 
be 642 12 Me\. for mass 2) able adjustmen 
f the radio-frequeney fun generator and wa 
found to cireulate at maximum field wi aw fre queen 
“-76 times that for protons The beam was extract: 
from the svnehrotron by the method normally u 
protons* and was found to have an intensity 
particles per pulse over an area of 12 cm.* a 
tance of 16 m. from the extractor The ranu 
beam im copper was measured to be L167 32 
which, allowing for 7-MeV. energy-loss 
hene and air in the beam path, corresponds to : 
of 640 5 MeV., confirming that the particl 
lerated were deuterons No beam was accelol 
hen hydrogen gas was fed to the ton source 
acho-frequency generator set for deuterom 
accelerated particles was also 
nary experiment to measure 
al cross-section for the elastic scatterme 
by protoms. Coimeidences between 
attered deuterons and recoil protons from a hydro 
were recorded at the correct correlation 
when the counter telescopes were moved oft 
this angle the counting-rate dropped to 20 per cent 
of that previously obtained. It is hoped to contimu 
these observations and to extend them to a study 
of the deuteron deuteron interaction at the available 
The new radio-frequency installation was developed 
from & system proposed by W. Boyd and his team 
at the National Institute for Research in Nuclear 
Science, Harwell. We wish to acknowledge the valu 
able help we have reeeived from therm all stages 
of the work We are also indebted to D. A. Gray of 
the Institute for assistance in the problem of deriving 
signals from the rising magnetic field. Many members 
of the synchrotron group of this laboratory also 
contributed to this project, im particular kK R. 
Chapman, who made the necessary adjustments to 
the ion source, and the Counter Group, who made the 
range and scattering measurements 
H. R. SHAYLOR 
P. TD. Wrrraker 
Department of Physics, 
University of Birmingham 
Howard, F. T., Cyelotrons and High F 
Ridge National Laboratory Rey 
Vature, 172, 704 (1953) 
Hibbard, L. U., J. Se 


* Doran, G. A Finlay, 
Vuelear Inatru nis 


The Quasi-Longitudinal Approximation 
to the Appleton-Hartree Equation 


le am electromagnet i throu 
mediun eontaining free electrons. which may 
collisions with heavy particles, the presene 
iniform magnetic field, the refractive index and 
abs Coe flicrent of the medium are given by the 


Apple ton Hartree equation 


where refractive madex: absorption 
fy cos 0: Z : frequency of we 
plasma freque mev; rvrotrequency 
trequeney of collisions between electrons and uutral 
molecules ; angle between wave and 
field. 

Because ot the complicated the above 
equation the quasi-longitudinal and qui transverse 
approximations, first ciscussec by Rooker’, are ofter 
used 

The longitudinal PON Lor 


It is generally quoted as 


hy ation (3) means that the wave behaves very 
much aes if it is bemyg propagated alo t hae lireect 
of the magnetic field, sinee, for longitudina propa 


from, equation 1) reduces 
nt X (1 Z 
However, equation 3) is meorrect. easily 
seen bv eonsidermg the denominator the second 
term of equat on (1): 
iz — Z) 
— X — + 


When the inequality (2) holds, this become 

Z Y7?/2(1 \ Z 
and Vp? 2 X iZ) is not necessarily negligible 
compared with V,. In fact, if we assume the usual 


numerical condition that the s satisfied 
if the larger Quantity is mine 


then 
correct: is thu 
\ 

and the wave docs not behave as if it were propagated 
along the direction of the magnetic field. It will only 
behave thus when the term Y7* 2(1 X fs 
can be neglected, that is, when 

(| Y) Z 


Outside these limits, but where inequality (2 


holds, equation (5) should be used. A simular corres 
tion should also be made to the expressions for the 


polarization. 
I am grateful to Prof. J A. Gledhull for some 


helpful discussion. 
\. D. M. Waker 


partment of Phy Bics, Rhode Univers 
Crahamstown, South Africa 
' Rateliffe, J. A.. The Magneto-ionic Theory and its Application to the 


lonosphere (Cambridge Univ. Press, 195%) 
ker, H. @., Proce. Roy. Soe., A, 150, 267 C19 
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ae 
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Kilchoanite, a Polymorph of Rankinite 


THE compo ind 
synthesized and ce seribed by 
phase Z. Revised data on its properties have been 
given by Roy, Gard, Nicol and Taylor’, who showed 
that, when hydrothermally synthesized at 715°C 
and 1,100 bars, its Composition 
Was 


Was) originally 


fov'.*, who called it 


with a pressure ol 
3CaO2S10, that it became inverted to 
rankinite on heating between 954°C. and 1.0907 C 

\ mineral corresponding to phase Z has been found 
thermally metamorphosed by 
Scotland, and Carlingford, 
kilchoanite after the 
it was first found. 


and 


gabbro 
Eire 
Village im 


in limestones 
at Ardnamurchan, 
It has named 
Ardnamurchan near where 

It has the following properties : 
turbid due to minute imelusions and no visible cleay 
647. 1-650, + x 0-008, 2V 60°, 
distinet 7 In 


been 
colourless, slightly 
age, =x | 


thin 


weak 


dispersion density 
section the interference colours are conunonly 
ultra-blue and ultra-brown 

Kilehoanite has always been found as a replacement 
of rankinite and no ervstal form has been observed 
Single crystal X-rav data indicate that it is ortho 
rhombic with a 11-42 A4., 6 5-09A., 21-95 A. (all 

0-05 A.). The Lane group is mmm and the probable 
space group J mam or I X-ray powder data 
viven im Table 1. with those of Roy? for the 
phase Z apart from discrepancies which could be dur 
to impurities in the latter 

Separation of kilchoanite for analysis was difficult 


mar. 


agrees 


owing 


gy to the complexity of the mineral assemblages 
with which it is associated and because of its regular 
distribution. <A 
eventually used to pre 
spurrite was the only 


rankinite Was 
sample which 

Having established 
dioxide, this 
On the ASSUIptron that all the 
carbon the 
this analysis, together with the cell dimensions and 
the caleulated cell 


rock containing no 


prare 
that kilchoanite contained no carbon 
sample was analysed 
dioxide was in 


contaminating spurrite, 


the determined densitv, yvave 


eontents as: 


Mn,.o3!e Al, ) 


. 35) 16-06 
This 


and 


close agreement with 8(Ca,Si,0,;) 


kilchoanite corresponds to the 


value is in 


contirms that 
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Further 
¢ 


phase Z and is a polymorph of rankinite. 
contirmation is found in that on heating at 
for LO hr. a single erystal of kilchoanite became in 
verted to polycrystalline aggregate of rankinite 
The metamorphic 
choanite is developed consist essentially of : 


assernblages from which kil 


spurrite melilite 
wollastonite-—melilite 


rankinite 
rankinite 


These give way to assemblages such as : 


rankinite — kilchoanite 
kilchoanite — tilleyite melilite 

kKilchoanite spurrite grossular 
unite wollastonite gros 


tilleyvite melilite euspidine 
cuspidine 
idocras¢ 


liar 


spurrite 


cuspidine 


Kilehe rase 


It is suggested that kilchoanite does not form in 
normal prograde metamorphism as under conditions 
of relatively high carbon dioxide pressure the reaction 
spurrite wollastonite rankinite carbon 
dioxide, is above the stability limit of kilchoanite 
If, however, the rock has been decarbonated, a later 
retrograde phase or repeated thermal metamorphism 
under a low carbon dioxide pressure may convert the 
lower temperatures in 


rankinite to kilchoanite at 


the presence of water. 
Further work on this mineral and these rocks is in 
Progress and will be re ported im detail later. 
O. AGREL! 
P. Gay 
Department of Mineralogy and Petrology, 
Downing Place, Cambridge 
J. Amer. Ceram. Soe., 41, 29 
Vineralogist, 43 
A4.. Nicol, A. W ind 
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CRYSTALLOGRAPHY 


Etch Patterns on Cadmium Crystals grown 
from Vapour 


showed complex spirals on the 


SERVI basel plane 


of cleaved zine erystals after 
terraced etch pits have been obtained on zine erystals* 
Pre- 


sented here are two types of etch figures obtained on 


etching, and spiral 


grown from vapour using “Superoxol’ etch 
44-9 per cent cadmium erystals grown from Vapour, 
had been tried the 
saturated solution of preric 
acid in and a of 2 
decided on. For longer periods of 


solution acted as polishing agent. 


Of several etching reagents that 


most iitable one Was a 


time min. Was 


the 


acetone normal 


etching 


| 
i 
q 
| 
Fable 1 
Kilchoanite Phase Z K ilehoanite Phase Z 
Tari 1 / Ak hk tha / hkl 
Os f 20 ‘ 
a 2-77 ru » 1-560 “ 1-570 
2-55 2 2 
f24s 121 1-418 m 
2-48 ‘ 4s : 
~ $11 1 308 re 
2-42 m 2-42 03 17 1-379 
. 


NATURE 


Several complex spirals were observed on the basal 
planes of some of the crystals after etching (Fig. 1) 
The hexagonal symmetry of the basal plane is clearly 
indicated in these spirals This suggests that crystal 
symmetry is a factor in etch spiral formation \s 
the spiral moves outwards it breaks up into terraces, 
and a sort of interlacing occurs. It is interesting to 
note that the spirals break and make along erystallo 
graphic directions In some etch patterns 
closely resembling hexagonal spirals with the dis 
location line emerging at the centre were observed 
Fig. 2). It is evident that these etch pits are formed 


at the sites of dislocations 


Joy Grorcre* 
Department of Physics, 
University College, 
Trivandrum, Kerala 
* National Research Fello 
Servi, 1. S.. Phd. 3 
Phil. 
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Palzoecology of Carboniferous Peat Bogs 


THE microscopic examination of coals can provide 


mode of formation 


Thomson’ 


valuable information on their 
The works of Teichmiiller' and on the 
Rhineland brown coal are notable examples. Apart 
from the investigations of Kremp* and Smith‘, little 
of the published work on the possible origim of the 
lifferent petrographic types of coal tak: account 
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of the ev idence prov ided by the plant spores in coals 
of Carboniferous age. 

Recently, a systematic study of the petrology and 
palynology of British bitumimous from the 
Lower and Middle Coal Measures of the East Pernine 
coaltield lias vi lded results which are not only ot 


coals 


theoretical importance, but also provide information 
which will permit the more effective use of spores im 
the « orrelation of coal sears These results ure be Mv 
prepared for publication 

of the 
pertrog aphic coal tv pes POSSCSSOS dist ine Gssem 
Fou: 
assemblage recogmuzed 
with predonunantly bright. 
sted in the 
another im 


Broadly speaking, each more important 
blaze of (and probably pores) 


Inain types of have been 
associated respectively 
nterbanded, and the two 
of dull, coal These 
order im which they 
\ full sequence is found only in seams con 
petrographi 


the 


are re 


succeed one 
protiles 
tainimg dull coal characterized by the 
constituents miucrimite IVE and 
latter largely comprismg the eximes of a 


Densosporites sphaerotriangular s hos \ 


spore 
may be repeated more than once withim a seam profile 
It is possible to recognize, within the profiles, 
horzons with distinctive potrologn al and palynolow 

allochthonous elements 
the flooding of the 


modify the 


cal features which imelude 


These 


oy surtace 


horizons probably mark 


and their occurrence may 
dev elopment of ab mee 
botanical affinities of 


conething of the 


From what is known of the 
the spores, it is possible to vis ialize 
nature of the plant SUCCESSION corresponding to the 
BECUETLEE of m Ospore miblage The 
inder which peat formed may be inferred from the 


conditions 


nature and possible origin of the petrographic con 
stituents associated with the different assemblages 
of spores 

Any hypothesis as to the conditions under which 
peat was formed in the 
account of the evidence provided by 
frequency and stratigraphic ranges of spores found 
These 
have demonstrated an essentially identical pattern of 
distribution and abundance in the different coalfields. 
over wide 


Carboniferous take 


work on the 


in the seams in all the major British coaltields 


Also to be considered is the occurrence, 
areas within a coalfield, of beds, often nearly constant 
in thickness, of dull coal contamimng massive mucrizute 
and spores predominan ly of one type. This petro 
graphic type is known from coals of paralic and limunic 
origin, and is a COTSPIeHots feature of the middle and 
upper portions of certain seams in the Lower and 
Middle Coal Measures in Britain. 

With regard to the palynological evidence, it ts 
thought unlikely that the quantitative and qualitative 
composition of the miospore assernblages from whol 
seams of coal deposited contemporaneous! would 
show common features if depth of water cover or 
salinity had been the controlling factor determining 
the nature of the vegetation growing in the areas of 
peat deposition Considering those features of the 
dull coal to which reference has been made, W. (; 
Chaloner (personal communication) sugges sted that 
the formation of pout of a distinetive tvpe within 
cortaum Carboniferous bogs may have taken place 
under conditions similar to those which vive rise to 
the present time, and that the 
causative factor was likely to be a climati 
(for example, rainfall) fluctuation than simply one of 


water-level 


blanket bogs at 


more 


Fig. 1 
‘ 
right 
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Such a 
observed facts 


well with the 
By analogy with present-day raised 


mode of origin accords 


bogs, it seems reasonable to suggest that the vertical 
changes which took place as peat accumulated in 
these Carboniferous deposits may have been the 
result of the increase in acidity and the decrease in 
nutrients available for plant growth. On this view, 
therefore, the BEC UETIOES which have been observed 
may mark the change from peat of eutrophie to that 
ot oligotrophic type 

It is of interest that the study of the peat deposits 
of north-west Borneo by Andrews and Richards 
suggests that these peats are of raised-boy type. The 
vegetation growing on these peats is arboreal and is 
reported to exhibit a concentric zonation. Profiles 
from the central parts of the deposit show a succession 
of peat types formed from the same plant communi 
ties that occur at the present time from the periphery 
to the centre. In this and other respects there is 
probably a close analogy with the structure observed 
in certain coals which originated in Carboniferous peat 
bogs. 

The mode of peat formation, which it is suggested 
might account for the petro-palynological character- 
isties of certain Carboniferous coal seams, 1s different 
from that postulated by Teichmuller® for the brown 
coals of the Rhineland 

The possible climatic control ot hog structure in the 
Carboniferous would explain features of the distribu- 
tion and abundance of miospores in coal seams of 
the period. 

This work is published by permission of the Director 
of Seientifie Control of the National Coal Board 

A. H. V. Siru 

Coal Survey Laboratory. 

14 Endeliffe Avenue, 
Sheftield, 10. 

Teichmiiller, M_, Geol. Jahrb., 64, 429 

* Thomson, P. W., Geol. Jahrh.. 65 
*Kremp, C. R. Congr. Strat. 

* Smith, A. H. V., Geol. Mag., 94 

* Richards. P. W., Comm. Brit. Eee 
* Teichmiller, M., F Rheinld 
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CHEMISTRY 


Polymers and the Theory of Numbers : 
Molecular Weight Distributions from 
Rheological Measurements 
ReEcENTLY, V. S. Nanda and R. K. Pathria have 
shown how certain problems from the theory of 
numbers may be applied to the theory of polymer 
degradation’. 
very few applications of the theory of numbers to 
We wish to report a 


Their work appears to be one of the 


physical or chemical problems. 
new application of another classical theorem of the 
theory of n imbers to vet another problem im the field 
the use of thi 
the 
sample 


of polymer physical chemistry. By 


theorem, it possible to obtam 


molecular weight distribution of a polymer 


appears to be 
from rheological measurements 


touse’s equation for th: real part of the « 


on plex 


scosity Of a polymer solution may be written a 


K 


where r, i the real peart of the 
is the frequency and KF ts a 
parameter 


complex Viscosity, 


trequeney -independent 
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The function f(@ p*) is a type of Stieltjes transform 
of the molecular weight distribution function, Z(M), 
defined as Mu, where is the weight 
fraction of polymer weights 
M and M -- dM, and Mw is the weight-average 
molecular weight. In fact, Z(M) is related to 
f(eo/1*) by the relation : 

4M) = F{(flo)} 


/ stands for inversion of the Stieltjes transform 


between molecular 


where 
Such an inversion may be obtained to any desired 
approximation through the use of the inversion 
formula of Hirschman and Widder*®. In order to 
obtain f(@) from equation (1), we the classical 
theorem of Moebius* to obtain: 


ise 


number-theor,s 


fe) , /8?) 


where vy, is the Moebius u-funetion detined as equal to 
lif sis 


number of unlike primos and 


1 or if s can be factorized into an even 
factorized 
mto an odd number of unlike primes, and zero for 
other values of s and (3), we have: 


l if s can be 
Combining (2) 


Z(M) 


(4) 
) 

Thus if 7,(@) is known experimentally for any polymer, 
equation (4) gives an equation for directly obtaining 
the molecular weight distribution function. The 
potential usefulness of such a relation lies in the fact 
that it mav present a far easier and more rapid 
method of experimentally determining the molecular 
weight distribution of a polymer than has heretofore 


le en possible 


MENEFE! 
Western Regional Research Laboratory, 
U.S. Department of Agriculture, 
Albany, California. 
W. L. Preticoias 
1.B.M. Advanced Systems Development Laboratory, 
Monterey and Cottle 
San Jose, 


Roads, 
Califorma. 
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use, jun., P. E., J. Chem. Phys., 21, 1272 (1953). 
rechman, I. and Widder, DD. V., The Convolution Transform 
(Princeton Univ. Press, Princeton, New Jersey, 1055). 
‘ Moebius, A. F., J. far Math., 9, 105 (1832) 


The BH. lon in the Lithium Borohydride 
Lattice 


Price! reports an anomalous 
1.250 em.-' in the paraffin-oil spectrum of 
lithium borohvdride at This 


band does not occur in the room-temperature spectra 
3 


band at about 
mull 
room temperature, 
of sodium borohydride??? and potassium borohydride*® 
ra of sodium boro 


(Schutte, 


or im the low 
hydride** and 
C.J. H., unpublished results) 

The ervstal lithium borohydride is 
orthorhombic (space-group V,'*) with four molecules 


temperature spec 


potassium borohydride 


structure of 


per unit cell? 

has the following sites*: 20C,(4) and (,(4) 
\ COT Parison of the site groups of the space group 
and the point group (74) 
shows that on is on site C,. The loeal- 
the jon, from the 
common elements of the site group and the space 


sub-groups of the ion 
the BH, 
group of 


constructed 


group, a ¢ 


ven 
3 
4 
Wy 
~ {Ga 


turbing ervstal field act 1 
r the 


vibrat roma 


ssvinmetry of the per 
tetrahedral BH, 


of a perturbing field of symmetry C, the 


on the 


levels of the tetrahedral ion transform as follows 


remeracy of all removed 


the 


the cle 


and all the levels are infra-red act only 
inder 7 


tetrahedral ft 


infra-red active 


all four 


levels are 


This means that ndamentals 


hould be observable im the mfra-red absorptior 


spectrum. as well as all the overtones and 
on band In addition, all the deyvenerate bands 
should show fine structure caused by the remova 


ervstal field 
pre 
the broadness of the bands at 
hould be obsea 


of all the degeneracy by the perturbing 


The splitting of the degenerate bands would 
be obseured by 


ire, by vabl 


tv, ane 


Unfortunately, the band due to the v, vibration lies 
‘ ng and its satellite bands (at about 2,300 
erm and could easily he obscured by these 

From the spectrum published by Price" it can be 
deduced that v, should occur around 1,280 em 
from the frequencies of and 

The anomalous band reported by Price’ at about 


1.250 em in the spectrum of lithnun borohvdrde 
vibration of 


curs 


ean thus probably be assigned to the Ve 
BH, ion in the lithium borohydride lattice 
inactive in the infra-red, but 
reduet ion’ of the try of the 
ion by the erystalline field, which is of the type C, 


normally 


because of the 


SCHUTTI 


Chemical Physics (sroup of the National Physical 
arul Chemical Research Laboratories, 


Couneil for Scientific and Industrial Research, 


Protora 


Price, W. ¢ / A Phya., 17, 1044 (1949). 
Schutte. ¢ ru Spectrochim irta, 16, 1054 (1960 
Waddingt J. Chem. Soe.. 4783 (1958) 


hutte, ©. J. H., thesis, University of Amsterdam (14 
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Isolation of D-Glycero-D-galacto-heptitol 

from the Wound Exudate of Avocado 
Trees 

b-GLYCERO-D-GALACTO-HEPTITOL has been 

the semu-cervstalline exudate of wounds in the 

bark of Persea ame 


ma Mill 


solate d 


from 


The erude material was a pale brown solid which 
did not reduce Fehling’s solution, and gave evidence 
of ontv ore COTM potent on r chromato- 

rams Two reerystallizations of this solid from 


afforded a colourless 
n the form of needles which had a melting-point of 
IS3 185 
perseitol 

A portion of the crude exudate was acetylated with 
crystalline 


aqueous meth: nol 


product 


. no depression on admixture with authentic 


pyridine and acetic anhydride to give a 


acetate, which after recrystallization from aqueous 


NA’ 


ibe on 
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ethanol Lad a melting point ot 11% 120-5 . no de pres 


son on admuxture with authentic perseitol hu piace 


tate This derivative also had {x 14 about 
2-02 in chloroform): literature value! [x 13-3 


chlorof 
\ further portion of the crude material was treated 
] Hudson 


thine a cryst 


with benzaldehyde and acid according to 


u From this reaction mus alline 


lerivative was 2olated., which after one reervstal 


zation from pyridine ethanol had a melting-point 
of 276-278° and [x 62° (about 1-95 im pyridine 


Hudson ef al.* give values of 277 > for the melting 


and | 


1.3 pti 


about ©-9 im pyridine) for 


point 


From these results we have concluded that the chief 
Mill 
perseitol), 


Persea americana wound exudate 


lacto-heptitol 


rent of 


onstit 


glyveero-D-g eo 


s p 


pound known to be presemt im the fruit? and leaves# 


ot 


th tree, 

Thanks are due to Drs. L. W 
Zentmver of the Citrus Experiment St 
side, California, who supplied the exudate 
here 


and G. A 
River 
le ribed 


Klotz 


ation, 


I. K. N. Jones 
R. A. Watt 
(;ordon Hall, 
Queen's University, 
Kingston, Ontario 


Maquenne, L., Acad, S Pa 107. 58 ss 
Ness, A. T.. Hann, R. M.. and Huds Gods r. Chem, Sov 
70 «104s 
Monty ry, E. M., and Hudson, J. Amer. Ch Soc., 61 
N sl, A., and I op 76, 5054 (1054 


Monosaccharide Sequence in Pneumococcus 
Type XIV Polysaccharide 


Previous work! has established that in /’neuwmo 


CCUS type NIV polysaccharide there are two non 
reducing end groups of p-galactopyranose, onc 


»-galactopyranose residue linked 1: 3, one p-glucose 


residue linked 1:4 and two 1:4: 6-linked 2-acet 
amido 2-deoxy p-glucose residues for every six 
monosaccharide units. Although the majority of 


linkages are some galac tose units Thay 


The two major disaccharides left after 


these 


be present 


treatment of the type XIV polysaccharide with 
N hydrochloric acid at 100° for 2) hr. were 4-O-3-p 
2-acetamido 2-deoxy p-glucose and 3-0-3 
2-acetamido 2-deoxy)-p-glucosy! p-galactose. Less 


lrastic hydrolysis has enabled other disaccharides 
to be isolated and the structure of these is the subject 
of the 

The 
with 2 sulphuric acid 
2} hr \fter neutralization with 
the hvdrolysate 
120(H 
sugars (1-S gm.) and with 2 N sulphuric acid to remove 
Fractionation of the 
Celite’ 


mixture 


present communication 

polysaccharide (3-606 gm.) was hydroivsed 
$30 at S5-90° C. for 
barium carbonate, 
Amberlite 


. Which was eluted with water to vield neutral 


was passed through 


basic sugars (1-0 @m.) neutral 

col imn? a 
(about 1-4 gm.), N- 
acet viglucosamine (40 mem disaccharides ] and I] 
(4 mgm.), LIT (tl mgm.), V ), VI (3 mgm.), 
trisaccharides TV and V (30 mgm.), as well as trisae 
charide VI and another oligosaccharide 


sugars on a charcoal 


galactose—p-glucose 


(30 mem 


(30 mgm.). 


746 
» A 
E 
A 
a A 
a 
i 
bie 
Halford, R. J. Chem. Phys., 14, 5 (1946 
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The basic sugars were selectively N-acety lated? and 
fractionated on a charcoal—Celite’ column? to yield a 
»-galactose  N-acetylglucosamime mixture (Q-S80 gm.), 
disaccharides (9 mgm (20 mgm.), trisae 
charides II (3 (12 mgm 
higher oligosaccharides (24 mga Disaccharides and 


(6 mgm.), and 


trisaccharides are mumbered m order of elution from 
the charcoal —‘Celite 

Acid hydrolysis of disaccharide IIL (1 mgm 
hromatographic products 
shows that contained p yalactose and glucose. 
Reduction of IIT with sodium borohydride afforded a 
aleohol the components of which were 


column. 
and 


analysis of the 


disaccharide 
»-galactose and sorbitol. Hence was a galac tosvl 
vlucose. papel 
Retacos butanol acetic 
(40: 10 

value of 0-37 in borate buffer pH 10. In each case this 
behaviour was identical with that of lactose, and IT] 


chromatograms 
acid/water 


showed on 
values of 0-33 in 

50), 0-45 in amyl aleohol pyridine water 
1) and on paper ionophoretograms!t an 


is therefore 

The mixture of disaccharides | and 11 was separated 
(Rgiucose Values 0-26 and respectively) on 
paper chromatograms irrigated with an amyl alcohol 
pyridine water (1: 1: 1) mixture. Acid hydrolysis ot 
I] gave p-ghicose and p-galactose. Disaccharide 
alcohol contained glucose and duleitol. Since p-galae 
tose must therefore occupy the reducing position in 
the disaccharide and previous methylation data! had 
established only 3-substituted 
saccharide I] must be 3-0-3-p-ghucosyl p-galactos 
Its high mobility (M,; 0-70) on borate ionophoresis* 
Supports this contention. Disaccharide I 
only dD galactose. Hydrolysis of disaccharide I alcoho! 
Its high mobility (AM, 
0-82) on borate ionophoresis$ supports the 
of its strueture as 3-O-p galactosyl-p galactose 

Similar structural investigations established that 
disaccharides V and IV were identical with 4-O0-%-p- 

2-deoxy and 3-0-&- 
(2-acetamido 2-deoxy)-p-glucosyl-p-galactose, which 
had been encountered in previous work!. Since the 
small amounts of disaecharides isolated might hav: 
arisen via acid reversion, a control experiment Was 
carried out in which a synthetic mixture of p-galae 
tose, D-glucose, and N-acetyl p-glucosamine (3: 1; 2) 
was submitted to the identical conditions of acid 
hydrolysis, ete., used in the hydrolysis of the poly 
saccharide. Only one disaccharide was detected, and 
this corresponded to disaccharide VI. 

Trisaccharide VI (Rgjucose 0-20 butanol 
acetic acid water; 0-28 in amyl alcohol/pyridine 
water ; WM, 0-10 in borate buffer) contained galactose, 
and N Partial acid 
hydrolysis gave as well as these the disac 
charides ILL and V. Sodium borohydride reduction of 
trisaccharide VI and subsequent partial acid hydro 
lysis gave galactose, glucose and disaccharide II] 
as the only reducing sugars. Hence trisaccharide VJ 
Is probably O-8-p-galact osyl-(1 
(l--4) p-(2-acetamido  2-deoxyv)-glucose 
charides IVand\ also contamed galactose, oli ose and 
their component 


galactose units, «i 


contained 


wave galactose and duleitol 


glucosy 1-2 acetamido glucose 


glucose acet ylglucosamine, 


sugars 


Trisac 
N-acetylglucosamine as 
saccharides 

Although the fine details of the structure of type 
polysaccharide must. still the 
terization of other trisaccharides higher 


await charac. 


and oligo 
saccharides, the following points are significant with 
the cross-reactivity of anti-type XIV 
Preumococcus sera and various polysaccharides. Both 


respect to 
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human blood group A substance and type NIV 
polysaccharide contain the disaccharide 3-O-3-(2 
ose. Anti 
substance 
Jnitact 


acetamido 
type XIV sera do not react with intact 
but do so after treatment with acetic 
human Le® blood group substance probably cross 
reacts with anti type XIV sera solely because of the 
presence of non-reducing end groups of b-galactose, 
Watkins and Morgan® have coneluded from 
inhibition that p-galactosyvl 
yvroups are attached to the 3 position of neighbouring 
No evidence has been 


aweid. 


<ince 
stuches such terminal 
N -acetylglucosamine residues 
found for the presence of 4-O-%3-p galactopyranosy | 
N-acetylglucosamine, which has been found? in pig 
group A and is believed by Schiffman, 
Howe and Kabhat* to be responsible for 
activity with anti-type XIV sera. The detection by 
us of 3-O-p-galactosyl p-galactose in type XIV poly 
saccharide is with the 

ana 


substance 


consistent presence ol this 


lung galactan 
charides containing galact ose which cross-react **"! with 
anti type XIV sera However, the cross-reaction of 
yuar with anti-type XJV sera appears to be 
due to the non-reducing x-p-galactose terminal units 


disaccharide in other polyvseac 


in this polysaccharide 

We are indebted to Prof. M Heidelberger for his 
interest in this work and the gift of type XIV poly 
saccharide. One of us (M.C. K.) is grateful to the 
Colomal Products Research for the award 
of a research scholarship 
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BIOCHEMISTRY 


Role of Tocopherol, Selenium and 
Anti-oxidants in the Rat 


THE view that x-tocopherol functions solely as a 


anti-oxidant has long been implicit in the 
(Darn! given a 
iseful summary) and has again been most recently 
elaborated in the work of Zalkin and Tappel*?. Other 
workers, have postulated a more specific 
role for tocopherol in animal tissues. We have already 
shown® that x-tocopherol and selenium both contro! 


ubiquinone-levels in the rat, and wish briefly to report 


lipid 


conclusions of workers has 


however, 


here some work that provides strong evidence for a 
specific biochemical function of tocopherol, distinet 
trom that of other lipid anti-oxidants. 


. 
| 
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Groups of six weanling fernale rats were reared for 
10-12 weeks on a vitamin E-deficient diet Some 
roups received throughout this period chetary 


ipplements of O-OL per cent dl-x-tocopheryl acetat 
or p.poam. of selenium (as selenite) or 0-10 per cent 
vf (1.2-a hvaro ti-ethoxy 2.2.4 trimethy! 
quinoline) Other groups were given 80 mgm. of 
“anfroquin mem. of «-toc ophery! acetate 48 hi 
before all groups were killed. Tissues were analysed 
for ubiquinone and tocopherol by previously deser:tbed 
methods Table | shows that, whereas tocophy rol 
and selenium (which usually imu reased tissue toco 
pherol levels) markedly ive reased ubiquinon Th heart 
and liver, “Sar roqumn was mactive Similar effeets 


were found in other tissues. 


Table 1. Errset oF a-TocoPHEROL (a-Toc.), SELENIUM AND ‘SAN 


IN’ ON UBIQUINONE (UY) UN Kat Ti Es 
Heart Liver 

Group and treatment UY Toe UQ To 

gm. /gm.) (ugm./gm. 

Control 144 13s | 62 0-7 

Ol per cent a-Tux 170 45 92 41-9 

10 mgm, a-T lose 165 12-6 R&S 30-0 

0-10 per cent ‘Santoquin’ 128 1-4 68 6-5 

20 man Santoquin’ dose 151 13 65 48 

p.p.m. seleniur 105 a 6°3 
Table 2 illustrates another experiment Four 


yvroups of 8 fernale rats were reared on the deficient 
liet to 4 months of age. One group received a dietary 
supplernent of 0-05 per cent DPPD (N,N‘-dipheny! 
phenylenediamine), two other groups cletars 
Santoquin’ (at either 0-015 or 0-10 per cent). The 
animals were killed and livers analysed for ubiquinone 
and vitamin A At the same time, in vitro peroxide 
production was measured on three individual livers 
trom each group of the thiobarbituric acid reaction®, 
after incubating homogenates for 15 min. at 37 
Optical densities were recorded directly. Both 
N,N‘-diphenyl-p-phenylenediamine and ‘Santoquin 
effectively protected vitamin A (increased liver 
storage) and both significantly prevented in vitr 
peroxidation in liver. Neither substance sigruticant ly 
increased ubiquinone in heart or liver. 


Table 2. Tak Erre ‘SANTOQUIN’ AND DPPD own 
AND VITAMIN A IN THR RAT, AND THEIR PROTECTIVE ACTION ON 
PRROXIDATION 


Liver 
Vitamin peroxid- 
Group and \ ation® 
treatment Tissue #gm./gm.)) (1.U./@m.) E at 
520 my) 
Contro! heart 208 
liver 106 116 14 
0-05 percent DPPD) heart 186 
liver 173 
0-10 per cent heart 
Santoquin’ liver 114 146 1i* 


*Signiticantly different from controls (2 


Dietary selenium did not prevent lipid peroxidation 
in the rat, whether animals were fed casein-based 
vitamin E-deficient diets or ‘necrogenic’ vitamin 
E/selenium-deficient diets. In a typical experiment, 
groups of 16 weanling rats were fed a ‘necrogenic 
bakers’ yeast diet, one group being supplemented with 
0-05 p.p.m., another with 0-5 p.p.m. of selenium (as 
sodium selenite), and another with 0-01 per cent dl-x 
tocophery!] acetate. Three rats in the control group 
died of liver necrosis at the twenty-third, twenty-sixth 
and twenty-ninth day; selenium or tocopherol 
fully protected the other animals. Livers were exam- 
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rab! OF SELENIUM ON Liptp PRROXIDATION OF Rat LIVER 
p and t t ut r 
tm 
l 
p.p.m. seler 6 (4—4 11 
t a-t pheryl 
ta 44,4 7, 6, 
* Mean and range of 7 determinations. f Individual determinations 


ned at 20 and 26 days for iv vive and in vitro peroxida 
tion and the results show (Table 3) that, in contrast 
to tocopherol, selenium had no significant protective 
effect on peroxide formation im rat liver. 

These experiments suggest that the mechanism(s) 
by which % tocopherol and selenium Increase ubiquim- 
one in the rat can be divorced from the general 
anti-oxidant function of the former substance. Under 
conditions in which two powerful anti-oxidants have 
been demonstrated to carry out their function, they 
were unable to influence ubiquinone ; selenium, on 
the other hand, had no demonstrable anti-oxidant 
properties, but a tocopherol-like effect on ub quinone 
This work will be reported in full elsewhere. 
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Role of Selenium in Relation to Ubiquinone 
in the Rat 


In a preliminary communication’ and m= more 
detailed work?, we have shown that «-tocopherol and 
selenium independently control ubiquinone-levels m 
the rat, and a similar relation between tocopherol 
and ubiquinone has been found in the rabbit®. We 
have proposed a theory of vitamin E function which 
can be briefly summarized as follows Although 
animal species vary considerably in their requirements 
tor tocopherol, an even more nnportant variation 
exists om individual tissue require ments for the 
vitamin, and in the rates at which tissues become 
depleted in vitamin E deficiency. ‘Thus, in the rat. 
uterus normally contains a relatively high concentra 
tion of tocopherol and is rapidly depleted, whereas, in 
the rabbit, skeletal muscle is the tissue most readily 
depleted. In both these tissues, diminished ubiquinone 
levels are the result and may be causally related to 
the specific syndromes of vitamin E-deficiency, foetal 
resorption in the rat and muscular dystrophy in the 
tabbit. The remarkable species differences in vitamin 
E deficiency are, according to this hypothes.s, a 
reflexion of local tissue tocopherol deficiencies. 

We have now studied the implications of such a 
hypothesis with respect to the role of selenium. 
Selenium prevents or cures some symptoms of vitamin 
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DIETARY SELENIUM AND a-Ti 
NE (UQ) IN FEMALE Rats 


Heart 
Uy 


gin gm.) 


Liver 


he ryl wet 


E deficiency, its effect varying from species to species 
Some syndromes, such as hepatic necrosis im the rat‘ 
and exudative diathesis in the chick®, are prevented 
by oither selenium or tocopherol. Other syndromes, 
such as gestation-resorption in the rat, are only 
previ ntable with tocopherol’ 
syndromes, such as muscular degeneration m lambs’, 
may well be primarily selenium-deticiencies, only 
partially responsive to tocopherol. These differences 


must be explained if an understanding of the role of 


either compound is to be reached 

In a typical experiment, three groups of 8 female 
rats (34 months old) were fed « ‘necrogenic’ fat-free 
yeast /sucrose diet ce signed to reduce tocopherol, 
selenium and ubiquinone in the animals’ tissues to 
very low amounts. Rats in one group were dosed with 
20 ugm. of selenium (as selenite) 48 and 24 hr. before 
death, and a second group with 5 mgm. of dl-a- 
tocopheryl acetate at the same times. The three 
groups were killed together. Hearts, uteri and ovaries 
were analysed by methods already described® (‘Table 
1). Tocopherol-levels in heart and uterus were almost 
too low to measure ; but the ovaries contaimed much 
tocopherol —being, with adrenals, the last tissue in 
the body to retain tocopherol®. The 
ubiquinone concentration in deficient heart was very 
low, but was increased to high levels with «-tocopherol. 
Selenium had a similar effect (but 
to the smallness of the dose). Selenium and toco- 
pherol both markedly increased ubiquinone in the 
ovaries, but im uterus, although tocopherol was fully 
active in increasing ubiquinone, selenium was without 
offect In another experiment groups of 6 female 
rats were reared for 10-12 weeks on a vitamin E- 
deficient diet. One group received a dietary supple- 
ment of 0-01 per cent dil-x-tocopheryl acetate, a 
second a supplement of 0-1 p.p.m. of selenium (as 
selenite), while a third group acted as controls. Both 
selenium and tocopherol increased ubiquinone in 
heart, kidney and liver; only tocopherol had an 
effect. in uterus (Table 2). 

While the reason for the failure of selenium to 
influence ubiquinone in the rat uterus but not in the 
ovary, which have a common blood supply, is un- 
known, it is not suggested that this is directly the 
reason for its failure to prevent foetal resorption in the 
rat: nor do we believe that ubiquinone enhancement 
in uterus by tocopherol explains the latter's action 
in preventing resorption. father, we regard the 


stores of 


less marked, due 
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ubiquinone effect as diagnostic evidence of the ability 
reach the 
ubiquinone synthesis at a certain 
This work 


or otherwise of these two substances to 
embryos, where 
might be extremely critical will 


stage 


he reported in full elsewhere 
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Tocopherol, Ubiquinones and Ubichromenols 
in Yeasts and Mushrooms 


DvurinG work on vitamin E, we have been interested 
in obtaining animal diets rigorously freed of toco- 
pherol. Methods of anal¥sis now available’? allow 
amounts of tocopherol much less than | ygm./gm. of 
diet to be determined and have already shown that 
many constituents of ‘vitamin E-free’ diets in fact 
tocopherol. Ot 


contain appreciable amounts of 
particular interest is yeast, which has usually been 
held to be devoid of tocopherol (for example, Forbes 
and Gyérgy*). When several kinds of commercial 
dried bakers’ yeast were analysed by the above 
methods they were found to contain small quantities 
of x-tocopherol (of the order of 0-3 ugm./gm.) Eventu- 
ally, fresh compressed bakers’ yeast (Distillers 
Co., Ltd., 3 kgm.) was lysed by a method* using 
diethylamine as catalyst, and the solid residue was 
extracted with hot ethyl acetate. The extract was 
purified and analysed! for x-tocopherol, ubiquinone-30 
and ubichromenol-30. In Table 1 the results are 
compared with those found on a replicate batch of 
yeast autolysed with ethyl acetate and extracted 
with hot benzene alcohol (a method® used for ergo 
sterol). It would appear that the former method is 
superior to the latter. The ubichromenol-30 was 
identified by comparing it with a synthetic specimen, 
prepared from ubiquinone-30 by Links’s method’. 
Certain batches of yeast appeared to contain ubiquin- 
one-35 instead of ubiquinone-30. The identity of the 
a-tocopherol was confirmed by isolating it chromato- 
graphically. The substance was strongly reducing, 
ran identically with «-tocophorol in two chromato- 
graphic systems, had an ultra-violet maximum at 
291 mu and an infra-red spectrum consistent with it 
being x-tocopherol. 

Since it appeared possible that the tocopherol might 
have been of exogenous origin, samples of beet and 
cane molasses (the main organic constituents used 
for the commercial production of this yeast) were 
examined. Several hundred grams of each, dissolved 


Heart Ovary Uterus 
= 
40 pgm. selenium 1-1 | 76 i6-8 | 36 2-4 
mgm. tocopheryl 
1 $-5 61-0 7 69 
a 3 
Unigel 
| Kidney Uterus 
Uy 
t,roap and treatment wm 
eee Control 44 62 | 56 13 
+ p.p.m. seleniun 195 3 | 66 
ee 
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laborat 
Dried J orula 


f vitamin | 


water, were extracted im contmnuous extractor 
th ethyl 
that cane molasses did m tact contam a little x-toco 
In orden 


proble thi 


Analysis oft the extracts showe al 


pherol (Table 1), but beet molasses did not 

to arrive at an unequivocal answer to the 
of the origin of veast tocopherol, a eulture of the 
veast was grown in the laboratory on a 
medium in which the only 
Analysis of the compressed cake (300 gm.). 


contirmed the 


commercial 


energy source Was pure 
scrose 


Iveed with diethvlamine as 
resence ot tocopherol (identified ibs previously 


hetfore, 
Considerably more ubiquinone than im the commercial 
sarople was also found, the inerease probably bemw 
due to the more efficrent aeration used in the labora 
tery as found by Sugimura and Ruins \ 

Torula veast (Torula utilis) 
maxl as a constituent of vitamin E-free chets 
dried rula 


‘ xamined 


has also been widels 

Two 
commercial of veast (Lake 
Yeast ( orp.) Thev both 
contained considerable «-tocopherol, and were remark 
able because of their large ubiquinone and, im particu 
(Table 1). Yeast 


lar, ubichromeno! 
we have so tar encountere din 


States were 


contents is the 
first natural substances 
which the concentration ot ubiquinone 
The latter 1s clearly 


is exceeded 
the 
previously 
Paper 


by that of ubichromeno! 


unidentified toeopherol-like substance 


veast by Cowlishaw and Prange 


reported u 
chromatographic separation of the Torula extracts 
The 
former consisted mainly of ubiquinones-45 and -35, 
as already described’, with a trace of ubiquinone-30 
rhe ubichromenols with the 
quinones. All six substances were compared chroma- 
tographically with authentr 
individual isolation and determination of their ultra- 
A sample of Brit sh Torula ve ast Was 


revealed 3 ubiqu nones and 3 ubichromeno!s 


three were 


samples, followed by 


violet tra 
examined (Table 1) and found to contain considerably 
less of the lipid constituents. However, this veast 
also contained more ubichromenol than ubiquinone 

The common mushroom (f? cam pet stris) contamed 
ubichromenol and 
veast (Table 1) 


amounts of ubiquinone, x-toco 
pherol very similar to those in bakers 
It seems, therefore that, although in a 
survev'® it was suggested that 
x-tocopherol might be limited to chlorophyll-contain 


pres 
the synt hesis of 


ng organisms, this view can no longer be held. 

We wish to thank the Lake States Yeast Corp.. 
Rhinelander, Wisconsin, for their generosity both in 
providing specimens of Torula yeast and their useful 
information; also Distillers Co., Ltd., for kindly 
viving us samples of their cane and beet molasses. 
We thank S. A. Price and L. Gare of 


also these 
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An Unidentified Ubichromenol-like Lipid 
Constituent of Bakers’ Yeast 
investigations of the unsaponitiable trac 
(Distillers Co., Ltd.) by 


spot was 


DURING 
bakers’ 
dimensional chromatography’. a 
observed on the papers m & position Very 
that expected for ubichromenol-30, which substance 


tron of two 
heavy 


close to 
x present only in very small amounts m this yeast 
The new substance was 
ferri 
on papers pretreated with 


preceding Commiuucat ron) 

like ubichromenol-30-— slowly 
chloride. dipyridy! ; but. 
Zine carbonate contaming a trace ot sodium fluores 
cein? is weakly fluorescent under ultra-violet light, 
whereas the ubichromenol is obse rved as a quenching 
spot under the same conditions. By a combination 
partition paper 
the substance 


reducing to 


of adsorption and reverse-phase 
chromatography. a tew mulligrams ot 
were obtained in a reasonable state of purity Long 
runs m two reverse phase paper systems (@) liquid 
paraffin 95 per cent ethanol, and (>) olive oil/95 per 
cent ethanol, clearly distinguished the new subst ance 
from ubichromenol-30 ; the Rp values for these two 
substances in the latter svstem were 0-64 and 0-46, 
The new had absorption 
maxima at 255 and 282 mu, with minima at 267 and 
315 mu (im ethanol) In the of dilute 
ethanolic alkali, the 282-my peak disappeared and & 
new peak at 345 my appeare d. Well-detined isosbest i« 
These changes 


respectively substance 


pomts occurred at 271 mu and 322 mu 
are similar to those ce scribed® tor ubichromeno!-50, 
with some displacement of the pots, and probably 
imadicate the presence ot a phenolic OH grouping as 
The infra-red spectrum had bands at 
1.455, 1.373, 1,261, 1,208 and 1,059 
em. similar to those found in a specimen of 
ubichromenol-50 (kindly given by Prof R. A. Morton) 
Substance 282 (so called because the single peak at 
from the 
dist met 


in the latter. 
2.899, 2,809, 


282 mu characteristically distinguishes it 
ubichromenols) was chromatographically 
from the fluorescent substance, 3-tormy lindole, which 
is present im certam animal tissues* and has Amax. 282 
(in evelohexane) and Amax, 294 (mn ethanol). Substance 
282 was found to be strongly active, like tocopherol, 
in the in vitro erythrocyte hemolysis test. 

Forbes and Gyérgy® have already isolated from 
bakers’ yeast a blue fluorescent substance, which has 
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activity and is also stronuly 


hist» 
3.4 


clearly 


active im the This substance 


tified as 4 


been  ider 6-hyvdroxy-2-methoxy 


methyvlenedioxyphenvl)-benzofuran and is 

282 on 
In fact. 
substances im the 


distingucshable from substance chromato 


graphic and sper tral evidence these are mot 


the only tHhuorescent mon 
third 


fluorescent, is 


Iwo 


saponifiable fraction of bakers’ veast vet a 


nom-reducing substance, strongly 
present and has chromatographie properties almost 
dentical with those of *-tocopherol 

It is interesting that substance 282 occurs in bakers 


hroom 


little 


veast and also in the 
of which 


Veust on 


mit pestris), 


both 


ubichromeno! Torula 
much 


contam vers 


the other 
ibichromenol (prey edimg Communication 


no detectable substance 282 


hand, which contaim 
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Electrophoretic Behaviour of Rat Serum 
Amylase 


DETERMINATIONS of the electrophoretic behaviour 
of human serum amylase’ showed that the largest 
amount of amvlase migrated with the albumin frac 
and that a significant amount also migrated with 
the globulins. Our preliminary 
this was not the case for rat serum 
found that this was also not true for 
the total 
and 2 globulins 


thon 
observat ions* 
indicated that 
The Deleourts* 
mouse serum, where about 75 per cent of 
serum amylase migrated with 

Sera were obtained from both normal rats and those 
suffering severe liver damage from treatment with 
N-nitrosodimethvlamine?.* The proteins of these 
sera were separated by paper electrophoresis with a 
Spinco paper electrophoresis apparatus, Model PF, 
filter paper, Schleicher and Schuell 
thinner than the Whatman paper previ 

The protem fractions were eluted with 
0-9 per cent sodium chloride and analysed for amylase 
by a micro modification! of Van Loon’s amyloclastix 
method® 

As indicated in Table 1, the largest fraction of the 
serum amylase recovered was that associated with the 
3-globulin (70 per cent) and a lesser amount (about 
25 per cent) with the y-globulins, a pattern somewhat 
similar to that found for mouse serum’. The leading 
fractions contained amounts so small as to be almost 
insignificant. With sera from rats with liver damage, 
the amylase in the §- and y-globulin fractions was 
reduced to less than 30 per cent of that in the normal 
sera, while the very small amounts in the albumin 
and «-globulin fractions remained essentially the 
same as in the normal 


using 
20434 gli, 
ously used! 


new 
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DISTRIRUTH KAT SERUM 


mi. serum 


03 
m0 


* Five mals in each grouy Duplicat leterminations on each 


intimal 
that liver damage leads to marked reduc 
and 


The fact 
tiom im the 
might be interpreted as indicative that the amylase 


amylase of the globulin fractions 
normally found in these fractions is produced in the 
liver. Beeause of the uncertainties in the interpreta 
tion of measurements of electrophoresis caused 


by protein protem and protein paper interactions, 
we would be cautious about making this interpreta 
tion unequivocally from these data alone. Howeve r, 
would strengthen 
data?.’.? that 

source of amylase production 


Whatever the 


ship of the liver to serum amylase, we wish to point 


this imterpretation our 


the 


pres 


conclusion from other liver in a 


conclusions concerning the relation 
out that the distribution pattern of serum amylase 


That for the 
for man 


may vary from one species to another. 
rat is detinitely different from that 
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Identification of 3,4,5-Trimethoxyphenylacetic 
Acid as the Major Metabolite of Mescaline 
in the Dog 

Mescanine (3,4.5-trimethoxyphenylethylamine), an 
alkaloid obtamed fromm jnhalonium lewinti and 
Trichocereus terscheckii, has been the subject of many 
investigations. After oral administration of mescaline 
to dogs, Slotta and Muller! were able to isolate 38 per 
cent of the 3.4.5 trimethoxypheny! 
acetic acid detect any of the 
parent compound in the 24-hr. urine. These results 
could not be contirmed by Cochin and co-workers? 
who reported that only ‘trace’ quantities of 3,4,5- 
trinethoxyphenylacetic acid were excreted in this 
species, but that 28-46 per cent of a dose, admin 
istered parenterally or orally, was excreted as the 
parent compound. Others** have reported similar 
findings of unchanged mescaline in the urine of 
human beings receiving the drug. The metabolism 
of this drug was re-investigated in the dog employing 
mescaline 


mescaline as 


but were unable to 


by 
No a7 751 
Ta 
l 
mylase units/100 
fener N-nit 
Vormal® treated 
Globulit 9 
Globulin 26 
Globulin 1,012 287 
Globulin 37 
Total of all fractions 1,443 
and J., Biochem. J 
I nd Pennock, J. 
72. (1950 
(1057 
E. L., Brink, N. G 
ay 
| iv 
\ 
99 
Biophus., 75, 403 ( 
> 
1950 
By 


SN HCOOH 


nati fled Dowex-l" 


Labelled mesealine (15 ue.) in a dose of 
kom. was administered intraperitoneally to mongre! 
female dogs anwsthetized with pentobarbitone sodium 

+40 mgm./kgm.) Urine was collected via an 
indwellmg Foley catheter Aliquots of urme (0-1 
nl.) combusted assaved for radio 

a 250-ml. tonization (Nuc lear 
Chicago model 6000). Exeretion of radioactivity 
letermined for periods up to 13 hr. following admin 
labelled 
radioactivity excreted during these experiments range 
Peak urimary 
after admuirustra 


were and 
chamber 
Was 
values for 


miratron of mescaline The 


from 55 to 62 per cent excretion of 


radioactivity occurred withm 2 hr 
tion of the drug 

aciditied (pH 2-3) on 
Dowex-! revealed the presence of 
two major pr aks of activity (Fig. 1). The first peak 
chromatogrammed on 
water, 


Fractionation of urine 


formate 
of radioactivity when re 
Whatman No. 52 paper (solvent 
acid/butanol, 4: 1:4) demonstrated an R; 
value of 0-71—0-74, whereas mescaline had an RP; 
of 0-72 when chromatogrammed under 
conditions. The second peak of radioactivity, repre 


SVStem: 


acetic 


approximately 60 per cent of the exereted 


4 


trimethoxvpheny 
Hated from the urine 


Fig. 2 Infra-red spectra 
metabolite of n 


scaling 


similar 
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the resin colurum with 


0 91 0-92 


radioactivity, Was eluted from 
A 
when xarnined by T chromatography 
Aciditied, unfractionated 
sponding to the second peak ol resin-tractionated 
urine, was extracted with chloroform and or diethyl 
ether. After evaporation ot the latter solvent, the 
residue was washed with petroleum ether (‘Skelly- 
solve BB’) and then sublimed under vacuum. White 
material, melting point IIS -119-5° C 
was obtained. A mixed melting point with authentic 
3,4,5-trimethoxypheny lacetic (melting 
118-5° CC.) showed no depression The 
absorption spectra of the metabolite and 
trimethoxypheny lacetic 
Fig. 2). Elemental analysis of the metabolite 
revealed the following values found: € 
H, 6-10; N, 0-0: O (bv difference), 
culated : C, 58-40; H, 6-20; N, 0-0; O, 35-40 
These results clearly indicate that deamination with 


acid is the 


formic acid an! had an Re value of 


urine, Or material corre- 


crystalline 
acid point 
intra red 
authe ntic 
identical 


acid were 


resultant formation of a carboxylic major 
pathway of metabolism of mescaline in the dog, but 
that a significant amount of unchan “ag is also 
excreted im this species. 
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Method of dissolving Triacetyl- 
oleandomycin for the Assay of Sensitivity 
of Micro-organisms 

THE usual in vitro tests of the sensitivity of bacteria 
to antibiotics are not applicable to triacetyl-oleando- 
mvyein (TAO), known in Great Britain as ‘Evramycin’ 
and in the United States as ‘Cyclamycin’, since it is 


almost insoluble in water. In spite of this, TAO is 
known to be clinically effective, and after oral 
administration it attains a high concentration in the 
blood. 

It seems that in order to enter the blood-stream 
and to reach the peak-concentration in as short a 
time as about 2 hr., this antibiotic must be converted 
into an absorbable form very soon after ingestion, 
either in the stomach or in the upper segment of the 
intestine. 

My experiments i vitro showed that 
insoluble in the duodenal juice, but it 
readily in the gastric secretion, samples of filtered, 
unfiltered and also of boiled being 
equally effective solvents. This suggests that gastric 
hydrochloric acid is the effective substance. 


TAO is 


dissolves 


gastric juice 
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TAO dissolves 
concentration 
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hydrochl 


that 


readily im LO 
corresponding to 
but 
V/1L0 hydrochloric acid could be used as soly 
for 
alone produce narrow zones of inhibition of bact«i 


found in 


normal gastric juice), neither gastric juice 


assavs of sems tivily, since the St 


growth and may cause considerablo alteration 
discoloration of complex media 
range of hydrochloric 
100 hydrochlorit 
acid had no effect on media or micro-organisms, and 
dissolved TAO satisfactorily. To prov ide @ margin ot 
safety, however, N/200 hydrochloric recom 
mended as the for TAO in sensitivity as 
Triacetyl-oleandomycin requires an acid medinn 


this 


\ series of tests with a wide 
acid concentrations showed that N 


acid 
solvent 


solubilization, and because of One 
her the 
effectiveness of this antibiotic could be imereased by 
dissolving it beforehand or supplementing it witl 
dilute hydrochloric acid during its oral administration 


with hypo 


w poed ot abs rption and 


speculate 


rally im patients achlorl varia or 


chiorhydria J. W. CzZEKALOWSKI 
Department of Bacteriology, 

School of Medicine, 

University of Leeds 


Crystalline «-Kojibiose 


ose) was first detected im saké and its moromi', and 
and honey! 
as its crystalline x Chemica!) 
of this sugar But the 


crystallization of free sugar was hitherto unsuccessful 


it was isolated from hydrol*®, koji extract 


and %4-octaacetate 


‘ 


synthesis was also achieved. 
properties such as melting pom, specific rotation 
or its form of crystal were still unknown. We hav: 
now succeeded in crystallizing kojibiose and examin 
ing 

The same method as reported preys iously’ was used 
but in this work 


mesente? 


its properties 

for preparation ol the kojibiose ; 
the culture medium of Leuconostoc 
tained sucrose (% per cent) and lactose (15 per cent) 


vides con- 


instead of sucrose (2 per cent) and lactose (10) per 
eent), and then a branched trisaccharide (O-6-p- 
valactopyranosyl-(1 4)-O-[«-p-glucopyranosy!-(1 

2)]-p-glucopyranose) and 
actopyranosyl-(1 4)-O-«-p-gluecopyranosyl-(1 —> 2) 
»-3-fructofranoside) were obtained together. After 
removal of of the and dextran by 
awidition of an equal volume of ethanol, the super 
natant was concentrated and fractionated by carbon 
column chromatography. 95 gm. of lactosucrose and 
140 gm. of the branched trisaccharide contaminated 
with a small amount 
from 15 litres of the culture medium. The contam 
inated lactosucrose in the branched trisaccharide 
fraction was hydrolysed to lactose and fructose with 
0-5 N sulphurie acid at 60°C. for 30 min. and was 
removed by carbon column chromatography. 97 gin. 
of the branched trisaccharide was obtained. 10 gm 
of the lactase preparation of Saccharomyces fragilis 
(kindly supplied by Dr. Henry Roberts) and 90 gm. 
of the above branched trisaccharide were incubated 
in 1 litre of phosphate buffer (pH 6-2), and 48 gm 
of amorphous kojibiose was obtained by 


lactosucrose’,® (O-6-p-gal- 


most lactose 


of lactosucrose were obtained 


carbon 
column chromatography 

This crude koji bios mi. of 
hot methanol, and the solution was refluxed gently. 
followed by filtration of the . and 
left to then 


was dissolved in 200 


insolubles on ‘Celite’ 


was cool at room temperature and 
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the kojib Ont 


80-5 ervstalline 
Recrystallization was 
carried out by dissolving 10 gm. of the above ery stals 
im l5 ml. of hot water and addmg 35 ml 


after being decolorized with charcoal 


erystallized gin. of 


tree sugar was obtaimed. 
of methano! 
The crystals 
obtained took the On 
dryimg in for 2 hr. over phos 
phorus pentoxide, crystalline kojibiose, which was 
somewhat 


form of tine prisms (Fig. 1). 
vacuum at 
hygroscopic, showed a melting point of 
(uncorrected) and [x]p'* 137 
in water) (calculated for C,,H,.0,, 
H, 6-48 per cent found: C, 42-22; 
H, 6-48) per The downward mutarotation 
showed that this erystalline kojibiose was x-isomer 
This fact was further confirmed by 
acetyl derivative Namely, only 
m.p. 166° C.) was obtained when the acetyla 
tion was carried out at a low temperature by using 
pyridine as catalyst, while both 
acetate 166°C.) and $-kojibiose octaacetate 
117 ©.) were obtained by the usual method 
sodium acetate. Neither acetate showed 
depression of melting point on admixture with the 
authentic samples synthesized chemically by Matsuda® 
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cent) 


formation of its 
2-kojibiose octa- 


a-kojibiose 


Using 


Res., 3, 327 


(1953) 
Nature, 


(1056) 
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Plastic Changes of Spinal Monosynaptic 
Responses from Tenotomized Muscles in 
Cats 
IN an attempt to reduce muscle afferent activity, 
the tendons of some hind-limb museles of cats were 
It was postulated that this would prevent the 
development of 


cut. 


effective tension, reduce passive 


stretching. and so induce relative disuse of the central 


synaptic connexions of the muscle afferent nerves. 
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ats (inset Fig. 2 


asept i operations of 23 « 
enotomy Was pe rformed by excising about LO mn 


thu 


triceps 


flexor 


tendons of the followimy rmiuse les on One 
flexor 


\ dummy operation was made on 


surae, digitorum longus, and 


longus 
the contralateral side 
to four iv. othe 


after tenoton 


weeks 


reflex were tested by two 
t he 


arniest hesia 


monosyvnapti¢ 
during 


responses 


methods final acute experiments under 
pentobarbitone 

1) The skin of both hind-limbs and the back was 
d into pools which were filled with warme i 
paraftin oil The the tenotomuzed 


also from the eontrol muscles (biee ps semutend 


forme 
eut nerves from 
inosus, quadriceps femoris, and peroneal group) in 
both hind-limbs electrically The 
retl responses were recorded n onophasically fror 
the central cut Si, £7. ih 


thos 


were stimulated 


roots 
the 


is COMM munication 


ends of ventral 


Further details of methods are 


! ith 


previo 


2) Monosynapt i the dorsal and 


also 


responses In 


ventral tracts were recorded 
The dorsal fire ull were clissected ott the spinal cord 


and L2, 


the cord was then hemisected longitudinally 


spinocerebellar 
between and the rermaimimng portion of 
Dorsal 
spinocerebellar tract responses to both group la and 
i) afferent volleys were recorded from the ipsilateral 
half-cord’, the 
reflexes from only group | 


the 


while ventral spinocerebellar tract 
4 afferents were reeorded in 
contralateral half-cord' 
In Fig. 1 the typical 
corded monophasically from ventral roots 
symmetry of evoked by 
sermitendinosus both 
By contrast reflexes evoked from the nerve to flexor 
100 


tenotomized 


reflexes re 
the 


biceps 


monosynaptre 
how 
control reflexes 


vollevs into ventral roots 


digitorum longus muscle are, significantly, 
per cent larger from the nerve to th 
musele (Fig. 1) Though the conduction velocities 
for the afferent volleys (inset) were equal, a slight 
shortening of the central latency about 0-1 
msec.) was observed in reflex responses evoked from 
nerves to tenotomized muscles. The results described 
for biceps-semitendinosus and flexor digitorum longus 


were duplicated by the other muscles tested. Fig. 2 
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These 


with 


results 
those 
Hnik’*, 


TENOT vives further details 


are mm close agreement 


obtained by Beranék and 
who used similar techniques 


Spinocerebellar tract respormses 


evoked by 


biee ps tencdinosus 
gitorum longus volleys 
(Fig l 
pooled results shown 
svinmetry of 


and tlexor « 


ims thee 
illustrate 


the 
2 There is 


expe riment 


in Fig 
the control dorsel spunocerebellar 


tract from hamstring. 


peroneal, ck ep tibial nerves, and of 


responses 


the ipsilateral ascending mass dts 


charges from a skin nerve, sural 


The 


howe, 


nerves to temotom zed muse les 


show a 45.55 per cent 


enhancement of their dorsal spino 
tract with no 


cerebellar 


significant change im ventral spino 
cerebellar tract 


the 


responses 


rt 
Since dorsal Sp erebellat 
from 


afferent 


tract arise more 


group la than lh musele 
and 
tract 


ventral 
lusively Lh 


tibres Sire spine 


roby has ene 


INITIAL OPERATION 


i | 
100 4 


Tenotomy 
” 
Inset is a diagram of the rative proc 
nerves to tenotomized ( snd normal | ) 
responses recorded from ventral roots 
ocerebellar tract 
The results depi 
of pooled reflex response 
und 8 in the second grouy 
entaye ratio of correspot 
rmal side for the groups of nerve 
notomized (open columns) muscl 
indicates bilateral symmetry and 
enhancement of VR and DST tenotomized 
muscle is statistically significant, P « , and is prevented by 
spinal transection with tenotomy 


edure 


wing the 


ipsi 


mean 


' 
: 
| 
| 
‘ 
\ 
* * * 
| 2 mv m sec uv ay 
(P.D.L.) tenotomized Dhorsa bellar tract respon ‘ 
DP, Stars indicat hanced responses from tenotomizs 
| 
Pia’ 
| 
oP \ HL : 
FOL 
| 
| | 
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| | 
40 
| 
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results stugyvest that the 


oul 


le le atteremts from the sprue wre 


re sponsible for the enhancement of dorsal spino 
erebellar tract monosynaptie re flex responses, which 
thus parallels the imereased nmionosynaptic reflexes in 
ventral roots 


both 


groups tn 


musche wet weight in 


that 


Comparison of 
all miusele 


extent Phu 


} 


poibs of all cats revealed 


he tenotomized leg wasted tO some 

ount of wastimg of tenotomized muscles themselves 
sas much greater and persisted over several weeks, 


o recover small 
litth 


tenoton ized by pan 
losses after % 10 day 


control nscles on the 
weight 
is known of proprioceptor funetion im 


enotomized muscles, preliminary attempts were 
vaacle m 40 trom 
atferent activity from chronieally te notomized muscles 

recording directly from the 


significant 25-40 per cent increase 


muscles eats) to analyse the 
distal segment of cut 
usecle nerves. A 
vas observed in spontaneous afferent spike discharges 
rom chronically tenotomized muscles. 

In further experiments transection of the spinal 
cord at 710 
prevented, over the period of survival, the 
development of both the reflex enhancements (Fig. 2), 
and the increased afferent induced by 
This effect of cord 
ebolishes supraspinal efferent 
vests that an over-active gamma loop mechanism 


ll level immediate ly prior to temotoms 


sare 


discharges 


alone section. which 


wetivation, 
iw 
ould be responsible for the increased spindle lis 

charges, which could lead to reflex enhancements 

We conclude from available evidence that tenotomy 
results im the monosyvnaptic 

¢ voked by group afferent volleys There 


of muscle ierease ot 
~ some evidence suggesting that this effect 1s brought 
about by increased discharges of la impulses from the 
chronically te notomized muscles, that is, that it is due 
The effeets are prevented 
Pio at the 


To mereased synaptic Use 


by spinal cord-sect ion time of 
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Role of Biliary Alkaline Phosphatase 
in the Guinea Pig 


ALTHOUGH the prart plaved bv imtest inal alkaline 
phosphatase m digestion and absorption is still not 
clear, it has long been postulated that the high con 
centration in the duodenum and imtestime is rned 

ith the absorption of glucose Following adrenal! 
3 showed that intestinal alkaline 
absorption 


ectomy, Verzar et al.? 
was reduced and 
Administration ot adrenal cortical hor 


phosphatase vlucose 
decreased 
mones caused regeneration of the phosphatase . 
Alkaline phosphatase is known to be secreted in 
the bile of mammals and it has been suggested that 


the biliary enzyme plays some part im digestion* 


rhe present experiments were designed to see if there 


were any relation between biliary and intestinal 


alkaline phosphatase, im particular to see if the 


high eoncentration mn the mtestime were a re sult of 


NATURE 


the adsorp on of phosphatase by the mucosa 
Such a advantageous m replacing 
enmzytite 
by attack by cdligestive 

Duodenal alkaline phosphatase was therefore com 
pared in normal guinea pigs and in guinea pigs im 
which the coniunon bile chet had been tied and a gall 
bladder fistula made. In previous reports of guinea 
fistulae, the chied 
24 hr. It was found that operated animals drank 
litthe for the $8 hr.. and, as the daily output 
from a fistula could reach 150-200 mi. (ef. 500 
fluid balance 


might be 
a mechanical rubbing off or 


eNnZV ILLES 


pigs with biliary animals within 


very first 
ot bile 
man), a control of the 
survival times 


mi. for an adult 
was planned in an attempt to merease 
fluid was injected either subcutaneously 
or intraperitoneally. The fluid injected was Krebs’s 
physiological saline contamung Vitamins C and WK 
In the local Ieemorrhages 
oceurred, 

Male guinea pigs were given vitamin K 
Svnkayvit ) and (10 rwm.) before thei 
ration The 
nembutal and ether anesthesia and at the beginning of 
the operation 20-ml fluid was injected subcutaneous! 
Immediately following the operation, 
injected intraperitoneally and 


In practice 


absence of 


Vitamin ¢ 


operation Was carried out under 


into the anilla 
thud 
further 20 ml 
atter 


was 
given subeutaneously | hr. later. There 
injections of fluid 
intervals in an attempt to keep the bodyv-weight 
constant. The flow of bile was conside rably reduced 
after 48 hr. and it was found practical to maitaim 
condition for at least 


were given at about 


operated animals in a healthy 
eight days 

\ number of control tnd experimental animals 
were killed and duodenal samples rapidly removed 
These were freeze-dried and embedded im paraffin 
Wax « After sectioning they were fixed im 
“0 per cent aleohol. The alkaline phosphatase of the 
brush border of the mucosal cells estimated 
quantitatively by the method of Barter and Danielli® 
Phosphatase activity was expressed in standard units 
phosphate hydrolysed per gm of tissue 
and the results obtained are shown in 


racue 


Vas 


of gm. 
per rir. 
Table 1. 
Phe results for operated animals show @& consistent ly 
with those 


undergone 


r compared 


phosphatase activity 
control animals which 
operation. ‘his result is Opposite to that which would 
bn expected if duodenal alkaline phosphatase was 
partly absorbed from the bile. The higher concentra 
reduced removal of 


from have mot 


indicate a 
mechanical or 


tion found may 
duodenal phosphatase by 
factors since the food intake of operated animals was 
lower than in the control \lternatively, 
adrenal cortical hormones may have increased im the 


operated animals and caused the inerease in duodenal 


annals 


phosphatase 


Table 1 


Duodenal phosphatase in -tandard units 


Proximal duodenun Distal duodenum 


Site 1 Site 


Site 1 


We. 
476¢€ 
Mex 
= 
j 
‘ 1 48. Supp. 146 (1957 
: 
fistula 
days) Site 2 
eontrol) 07 | O om 
4 029 | 052 
O44 0-46 
0-11 0-15 
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Alkaline Phosphatase in Cell Cultures of 
Human Origin 


IN am atte pt to cletine sor of the changes vhich 


ells undergo in adaptation to growth tt work 

metabole and emzvinatn 

established 
vork, 


For this 


ral media, imehiding s medias 


ws been carried out on the 


wtivities of a vanmety of eell eultures, 


unly of hy nan origin cells were 
ittured in se 
amd 
human serum, a mutrient 
Mare isn ‘ 


contamung or LS per cent 


dleseribed by 


mtaining 20 per cent undialysed 


Hunan serurn Cells were grown for 6S davs on 


lass surfaces at 37° im anatn osphere of 5 per cent 
and dispersed w th O05 per 


collected by 


carbon dioxide im air, 


trypsin saline Thess vere 


eontritugation at 500g, washed and res ispencded n 


theon sonic oscillator for min Cell proteim was 
neasured by the procedure of Lowry ef al. 


observations rmiacde 


The initial 


by Lieberman and Ove 


fimiings contirmed 


with regard to the similarity 


n Specific activities of catalase, ghicose-6 


lehyvadrogenas rhodanese and %-ghieosilase amony 
cell-free preparations of various cell lines On the 
other hand, a striking dissnnilaritv was noted in 


ilkaline phosphomonoest erase aetivitv as mneasured 


by the hvadrolvsis of nitropheny lphosphat: m 
buffer, at pH 
accordmg to Lowry’s technique® 

Fable | s marizes the specific activities for alka 


line phosphat ise im sonmicates of a variety of estab 


hashed 


three clonal strains of the 


nelading the parental and 
Z liver derived trom an 
and ot 


ell limes 


infant with congenital atresia of the bile ducts, 


a recent ly brvonic kidnes cel 
irae As can be noted, alkaline phosphatase activity 
with the is two-fold 
yvreater that of human three-fold 
vreater than that of AB (Eagle)*® and anvwhere fror 


5. to 200-fold greater than that of othe 


explanted bovine et 
somicates of liver line 
than intestine* 
- cell lines 
\fter one or two successive single cell platings accord 
ng to the technique of Puck ef a/ several clonal 
strains of Chang liver have been obtained which show 
lifferences on phosphatase activity Es 
detined 
hy the gross morphological characteristic of a staller 
which ts only 1 40 


f one of these clonal strains, which can be 


eell size. have aetivits 


that of the prearre 


i specifi 


ntal strain 


March 4. 


ALKALINE PHOSPHATASE ACTIN MAMMALIAN 


ie a t 


tes by differential cent 
reveals he mayor 


portion of aetivity for all cell limes im the miuicrosonia 


fraction Extraction of i per eent mrerosonma 
paration with »#-butanol vields up to 9-10-fold 
purification of the phosphatase aetivity Kinet 


Chang liver micro 
} 


the 


tion to be 


dies with the enzyme 


somal fraction show the reac zero order wit 
the activity linearly dependent on enzyme concentra 
The pH 
lo-6 with a decline to LO per cent of maximal activity 
at pH S-~O No activation with My? s found 
as substrate. but 
Mn cH 
Concentrations of 1a? M 
red for 
e\hibits a broad substrate 


tisitiy 


is observed with Be and evstein 


inorganic phosphate are 


inhibition of aetivity Phe 


Specieity showing aetivils 


phate, adenosine monophosphate. 


vlucose-6-phosphate and ethanolamine phosphate in 


decreasmg order Work is in progress to haracteris 


further the physical-chemucal properties of thes: 


some preliminary results o 
ati 


derived fron 


preparations, 


mudieate qualitative as well as 
differences in 
different cell lines 


During the cou 


whu h 


pPropert tes of 


rse of this work, Was noted t hie 


the speeitic activity of alkaline phosphatase in Chan: 


iver sonicates shows mation overt feo fooled 
| 
4 


64 
44 \ 
Cell n / \ 
124 /  aikaline phosphatase 
(wM/mgq protein/ 30 min 


Pg 


ais 


6+ Leucine aminopeptidase 
protein/6Ominx 
44 
24 


20 40 60 80 100 120 140 160 180 
Hours of Growth (after last transfer) 
Fig Chang specific act f alkaline phosphatase and 


peptidase in ¢ nue live eonicates with growtl 


In 
Cell lin Aetivit H 106 
Intestin 
AB ‘ 
4 1 r-2.4 i 
* Present address Zoolow sity 4 ' . 
Separation of cell soniea 
\ t nd MacDougal, Absorption from the wil 
(ireen and ¢ Londen. 1036 fugation im O-25 Vs 
r, F., Sailer, E., and Richte Hele 
irfa, 10 1” 
rr, F., Pharnea tefa, 10, 24 
both f of th / re ly 
184 / 
» 
104 
@ 
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thre 


consistently higher than 
lines. This 


ration of growth following 


although 
of 


lated with 


ange 


an 
the 


other cell variabilit ‘ 
the 
mn general, the 


the 


CLIVITN 
ere 
nnd longer the gro 


os 


ist) tranmstet 

the 
findings are illustrated in Fig. 
evele of TSO) hr when « 
the specihie 
phosphatase 
hr. of growth after 
at S4 hr 


thre 


merivit\ obsers 


W 


sper ihe 


<ingle growtl 
vied, tivity 
ren constant Prat 


oft 
Ist 


rises TO a Vi 


wl kaalime 
tror 


tivity 
falling 
to 


(of interest recent abser 
ot 
effect 
Pre! 


entratrons 


phospl 


rit tiesis 
In response 
morgane 


in the srowth 
mary work om 


the mutrient 
vrowth 
d with the chan 
Work 
whether 


chanism plays some par 


ations 


alkaline 
Te 


now in 


progress 


repressor 


in 
different tal 


th 1} 


efine more 


in these 


re chara 


Lor asavnthesis of ase 
ke 


ul whether su 
Mars tor ghuit 
ot other 


ike those onstt 
& 
enzVvine systen 
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Prevention by Vagotomy of Erythrocytosis 
induced by Hypoxemia 


WHILE investigating the effect of fluid aspiration 
made on erythro 


into the lungs', observations were 
vtosis induced by hypoxwrnia, which to our know 
bee ribet 


nor vet 
with 


lodyve have 
she op 


rif hated, and 


Th Opent ome 


fresh 


were amesthetized 
given vatet 


latter 
thy 


cannula 


the 


from 


and 5 mun followiny 


Betors 


blood 


trachea 
clure, 


oral artery 


the 


proce 


were take rh 


through madwelling 


tion hemoglobin and pH Were 


ten 


Artenmal oxvue 


determined and 


mo satura 
sal oxvgen tensions calculated 
rred out on 24 intact and 24 vagotom 


reported hee re Va 
t hee 


Observat rons ca 


sheep ar was 


rotomy 
to the 


neck control 


bilateral prior 


torrie ad 
riod 
The arterial oxygen 


Wits 


shown on Fig. | 


are 
following the inhalation of water 


Results 
main 
related to the percentage change in huemoglobin 

Water inhaled into the lungs is rapidly absorbed 
and remains unaffected by vagotomy? Both groups 
equal quantities of thie 
therefore comparable 
COTTE rather 


were given strictly water 


resulting is 


Ervthrocyt osis 
abruptly at an arterial oxvgen tension of about 35 40 
This agreement with 


observat 
nt 


reported 


appears to 


mereury is in good 
swyesting a critical oxygen 


earlier 
tension of 40 per 

In 
hvpoxa “ 


literature, 
ot 
tension 


in the 
the imhalation 
oxvgen Alveolar oxvgen 
invariably normal! It 
that arterial unsaturation is im 


riments 


caused vas 


by 


as 


mixtures low im 


was seems 
justifiable to conclude 


a sufficient stimulus to mobilize the stored red 

cells in the body 
\ comparable 
ervthroevtosis 
0-153: P 
below the carotid simus: 
scarcely ha been re sponsible for the absence ot the 


in our animals 


degree of hypoxemia failed to 


n our vagotomized sheep (7 
Phe nerves were divided well 


its denervation eould 


reaction 
Splemic® and hepatic contraction, and an increase 
blood-tlow, appear to be the accepted 

of hypoxic Splanchnic 

stimulation is followed by while 


electric stimulation of the peripheral end of the 
The profound 


in splanchnic 
ervthroevtosis 


mechanism 
changes, 


similar 


divided vagus was without an effect 
fall in hematocrit during anesthesia and following 
the administration of chlorpromazine and dihydro 
the red 


is accompanied by an increase im 
ot the 


eryotamine 


blood cell content spleen 
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Bareroft ephens® suguested that splenu 


ontraction is the effeet of hwpoxwemia on the central 


Our observatrons would therefore 
the absence of an afferent impulse 


observe ‘ ervihre 


HaLMAGY! 
H. 


Departiient of Medicme, 
University of Svdnevy 


r Kes 


rd Resear 


When the plane of seetion passes 
between two mvoftibrils, the transverse thules are 


cut longitudimally (Fig. 3). and the walls of sor oft 
the more superficial ones can be secon to be continu 
vith invaginations of the sarcol na, as suy 
Relationship of the Sarcoplasmic by Linder, We feel that the electron micrographs 
Reticulum to Sarcolemma in Sheep cannot be satisfactorily interpreted in any other way 
Cardiac Muscle complete proof of the continuity of the whole trans 
verse tubular system and the sarcolenima will depend 


Since Husxlev and Taylor demonstrated that im 


triated musel mvofibril eament probably on three-dimensional pieture built up from serial 

receives an madividual stiunulus to contract, electron ections, bi the nt finding Tal 
microscope studies have suggested that the most confirming Huxles theori of i 


likely pathway for such stimuli from the sarcolemma Phos concept makes it much easier to accep 


the myofibrils the retieulun theory of a polarization of the sareoplasniic reticala 
partienlarl its transvers tubular elements (also as it mmiphes that this part ot the sarcoplasmic retir 
lam is actually an mtegral part the 
aries sarcotubul system 
undergoes th samme eleetries 
Theories about this have reeently been elaborated arily vudergoes ectrica ml 


} ind the evidence has been reviewed** Such theories chemical changes as the sarcolemma Phe concep 


are necessarily based on the possibility that the al O maple that he lumen of il vstem of ibviale 


one space, 
embrane of the tubules is polarized and is capable ix in Communication with the extracellular space, and 
that the total area of sarcolemma (as Siekevitz ha- 
f undergoing depolarization in the same way as the , " } ' 
suggested for othe s) rreater Cham 
The question of continuity between plasma men the external surface area of the cell us tmaay help 


roe i the great rapidity of the ionic fluxes whicl 
brane and sarcoplasmic reticulum is a somewhat ‘ explain he grea P i ut 


tak i : oss | a 
exed one. Such continuity appears to occur in ike place acro nin 

certain non-muscular cells?.*, and it has been sug me 


11 contraction and relaxation of the cell provick 


vested or demonstrated also for both cardiac®.’ and 


keletal musele'*.! This could not, however, be PU™Mping of extrace lluiar fluid ont of, and into, 
proved by serial seetions in a major study of skeletal system of tubules, and whether are might be 

uscle', and the theories put forward®-* concerning importance in the nutrition of 
Inpulse conduction by the sarcoplasmic reticulum the electrical events of hep zation and 1 


are not based on a cone pt of conmununieation bet ween IZATION 
the hamen of the sare oplasmic tubules and the extra 
cellular fluid, although Huxley'' favours such a con 
cept on physiological grounds. Lindner! found that 
the transverse tubules mm the dog myocardial cells 
had tripl lavered membranes. like the sarcolemma, 
and he suggested that these tubules might be con 
tinuous with invaginations of the sarcolemma 

We have studied the fine strueture of sheep cardiac 
muscle and we have found evidence of two types of 
tubular strueture within the cell. One type is rather 
sparse im our material, possibly due to. fixation 
artefact, and consists of delicate irregular small 
tubules, some of which are m contact (if not actual 
continuity) with the inner laver of the triple-layered 
sarcolemma (Fig. 1), in agreement with previously 
published work®.*. The other type is usually seen as 
cross-sections of tubules, lying between the mvofibrils, 
isually opposite Z bands (Fig. 2 These tubules are 
comparative ly large with triple lavered walls, identi ig. 2. Lower-power view, showing 


<8-seetjons f the larger type of t 4 structur 
cal in thickness and appearance to the sarcolemma lis similar to the sarcolemma 000) 


mitoch 


* Adolph Fellow of t K Aust sian 
loint Coal Fellow Fig. 1. Electron microscope (Siemens Elmiskop 1) photograph 
wt ig sheep myocardial cell twork t tir 
gyi, D. F. J., and Colebateh, H. J. J. App. Physrot baal in be seen, apparently nt is with the plas 
tice, F. C., and Simmonds, W. J., /. 2% 109, 103 (104 
roft, J., and Stephens, J. G., J. Phy 64, 1 (102 = 
irner, A. W md Hodgett E. iv Erp. Biol, M 
the 
of 
ith 
i. 
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whiel 
tibrils. The 
elements are 


in 
walls of 

(wr) 


GComeept Of ardial cel 


ire will reg rea re 
of the 


ited with the ‘ le etro che real phe me 


appraisal of the 


mivocar and tay help to ome 
probe THs 
ena of the 


present ix 


It miust be emphasized, however 
observations of 

and that the 
ssurily apply to voluntary muscle 

is indebted to Dr. T. E. Lowe 
r Medical Research [nstitute, for 
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based on 


ardiac mousele fre sheep only 
tindings do not neces 
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Partition of Calcium and Phosphorus 
Excretion in the Laying Hen 
DHE for the 
separate collection of urine and feces in birds has 


need surgery as a prerequisite to 


restricted our knowledge of their excretion pattern 
tecently, the nitrogenous excretions of chickens have 


been investigated’, but no data have as yet been 


Bazeley, 


‘URE 


tion of caletim 
study 


published on the part 
order to 


and phosphor 


exeretions In these eOXcretions ih 
laving hens, colostomies were performed by exterior 
izing the distal end of the 
the ischinm and the 
side, approximately 
of the 


In most 


between 
the right 
anterior to the ventral lip 
Arivoshi 

disturb 


colon at a point 


abdominal midlme at 


as deseribed by 
birds the cid ege 
For the collection of feces, a polvethylene 
eollar provided with a the 
and a 
rewed mite 


elo wa, rally 


Operation not 
produc tron 
sutured to 


thread was 


skin surrounding the exteriorized intestine, 


wide-mouth bottle of the 


the 


same toatertal s« 
collar 


percentages 


hens 1 the following quantities 


K.HPO, 
Nall, PO, 


fatto 


Huo 


The assaved calcium and phosphorus contents of 
the 2-4 and 0-50) per peetively 
Phe feed was supplied ad Ui tun from feeders specially 


liet were cent, re 


constructed to minimize spillage. Water was supplied 
by a low-pressure drip syvatem mounted overhead at 
the rear end of the cage, the 


chicken’s 


being activated 
th Is 
Daily 
ments of caletmn and phosphorus intake and exere 


founts 


by contact with beak ; 


SVster 


feed w lave im water 


tion were done on four surgical hens 
this diet for days 
Caletum was determinedsddy a method using ethvlens 
For the 


estimation of phosphorus the excreta were wet-ashed 


pre pared 


reeceiving seven conseculhive 


tetraacetate as deseribed elsewhere®. 
with sulphuric acid and 30 per cent hydrogen 
peroxide 
rmethod* 

The 


absolute 


and phosphorus determined by CGomori’s 
Fable 2. The 
the urine 
amount of phosphorus, but as a 
percentage of mineral, SL per 
the appeared in the urine, 
whereas the corresponding average value for ealeium 
Was only 7 More than 58 per cent of the 
ingested caleium was deposited in the egg (most of 
the shell) and nearly 
be accounted for by 


results are stinunarized in 


amount of calenumn 
the 
the 
phosphorus 


appearing in 
is to 
ingested cent of 
invested 
per cent. 
it im all the calcium retained 
could the calcium of the egg. 
\s a percentage of excreted mineral, 19 per cent of 
the exereted calcium and 62 per cent of the exereted 
phosphorus were found in the urine 


Table 2 en HOSPHORI 
HENS 


BALANCE IN) CoLOSTOMIZED 


Caleium Phosphorne 
gm.jhen day) 


eretion in ta 


Balance 


(Per cent) 
Abs wptior a7 0 
Retention? 15 14-6 


* Arithmetic mean 

Vidual values (4 hens tor 
Apparent absorption mstumption 

regarding possible re-exeretion 
into the gastro-intestinal tract 

t Consumption minus excretion in urine and fwces 

$ Each hen laid six eggs during the seven-day experimental period 
The figures for eggs (and balance) denote the total values of the period 
livided by seven, the standard deviations are based on the a 
tor each hen thus obtained 


standard deviation, calculated from indi- 
7 days) 
minus fweal excretion) dis 


of absorbed calcium and phosphorus 


erages 


ia 
Table 
biz is Passed betwe tw 
gination, an tes with t Refined corn oil 
Sodium ehlerid — 
st) 
= 
* Present addres- Department of Medieine, Ur rsit { Otag 
Huxley. A. and Taylor, R. Nature, 176, 1063 (1955 
Porter, Palade. E.. J. Brophus. Brochem, 3, 260 
(1958 
(1959 
Peachey, L. D.. « 
Palade, E., J. B 
( 
Absorption 2:05 + O-5S 
Excretion in urit 0-06 0-02 
Retention? 1-83 ol 
0-08 0-15 0-02 0-02 


The average apparent absorption was simular for 
calenum and phosphor Is It should be 


nd. however. that the true absorption Is probably 


} 
nerals into the mtestimal tract =t be considered 


(on the other hand t hie retention amd percentage 
tention of phosphorus wer much lower than thie 
tf enle m. and showed a relatively higher variability 


varialnlityv of is retention 


ie connected with the meed of the 


ndividual bird 


iraw upon bone aternal. the ratio calen 
phorus in bome (2-5: 1) citter reatlhy frou: that 
for tormation (20; | hens having a 
itive balance, the use of bore 
tor tormation “are el t« have an 

ess of phosphor it ther disposa th 


exeretion 


rested phosphor a 


a 


S. Hurwitz 


ery ent of Po tr 
University 
Brunswiel New Jerse, 
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Protective Action of Calcium Gluconate 
against After-effects of X-irradiation 
on Conidia of Neurospora crassa 
in the survival of conidia of Neurospora 
with N-ravs has been found 
is added to the 
\ colonmal, nuerocon'dial, fluffy strain of N. ¢ 


Vogel 


When 


il gluconate plating mednuni 


assa 


medium 


Was vrown on 
contamimg omen of calenun chlorice per 
(‘conidia were harvested after meubation for seven 
at 30° and suspended in distilled water with 


“a tinal density of 5 10° cells per nal Seven 


amples were exposed to X-rav doses of 240, 720 
2.400 200 and @.600 re spectively (lowe 
rate 4 see “at a distance of 25 from. the target 


thie kane ss 
The 


Philips 


eonstant 


\-ray 


Operating at 


with a half-valie 


the unfiltered beam of 3S 


from both the wradiated and control san pole ~ 
without 


The 


conidia curing 


ere plated on minimal medium with and 


amount of light 


calenm lhiconate ml 
received by thee 
plating was fo constant for all 


Six repleate experiments earried out 


After plating t he 


in darkness and 


if each close conidia were meu 


yverTrinination count 


vere the fifth day 

addition of ealenn caused at 
nerease im the germination of irradiated conidia 
hen compared with that on the unsupplemented 
ed Pable rhis reiine in survival wa 
Hhbserved at all dose-levels studied and was statistically 


NATURE 


since the possi ity of re-exeretion of absorbed 


Is 


1 196] 
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Table IUM CONATE ON THE 
CONTDIA Neurospora crassa TREADIATE av 
ELS 
‘ ! ra 
wbiate 
‘ 
‘ 
om 
44 / 
ter we ol tant ‘ t 
thom expe ents with different doses \ 
each replicate representing 40 latinas w 
Limatel 1M) colonies plate at 


cant (/’ 


sence of calenm ghiconate atter irradiation 


pore 


therefore, lessened thu death rate of LU 
lated contndia showed signifieant cifferen: 
vernmation on the two 

Thee polat efficieney of the 
eells ow about 35 per cont rat 


treatesl conidia eNpore 


ot the vertuination of 


Phos. an merease as a result 


nh 


treatinents appear as a gers 
tuyve of greater than 

In addition to the protective a m of ca \ 
the consequences of rachation there 
aus also evidence at certain doses of stimulation 


ermmation by the radiation In Cases his 


seen as an mereased efficrencey of plating wher 
compared with that at zero dose ; in others it was 
apparent as a reduction mm net death of comid 
compared with that observed following lower dose- 
inpublished work Thus. when conidia were polaate j 


on medion without cal 


survival pereent age followmg a eXposul 
exceeded LOO, and survival followmye ai 1.200 
exposure (while less than that at zero dose vas 


The survival steadil 


decreased at doses higher than 7.200 7 


out of 10% 


twice as great as at 7201 
(zero survival 


conidia beimg obtaimed with 


Superimposed on the destructive effects of the 


there 


irradiation is apparently stimulation maduced 


by radiation of conidia which would not otherw 
yeriimate 

{ixon and Whittield®?. in work mvols 
survival of N-irradiated rats 
parathyroid extract, stated that protection agamst 
to the ability of the 
serum: calenin they (Whitfield 
hbeheve that an 
irradiated cell 


when treated with 


radiation death might be due 
hormone To mcrease 
and Rixon, personal ion 


cale) im le vel protects the 


mecreased 
hy my leakage of ll COTM pPOnents through the 
cell 

Phe radiation conidia of 


calenum is a 


with 
hy pothesis that 
against death 
and the 
helow show that the protection is associated with the 


experiments 


conhrn the 


asad 


potential protector arising from 1 bie 


effects of raciation. expernnents reported 


prevention of radiation-induced increase cel 


permeability 


were rased On contaming 


Contdia 


ot phosphorus $2 per agar slant for 7 dav- 


4 
, 
we 
bee 

aleulated on the balances In fact, the only These figures were consistently high in al 

en on a negative ealenun balance ! 
his experiment exereted as much as ¢ <i) seven out of enght doses. 
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ty. the end of this tiie. there was 10 ‘ 
WV 


phorts-32 conus were 


there Was a 


at phosphor 


nite t «tist Waited 


oWhieh 


th the close (Fig. | 


le of 

cukaue 
When cal 

n whieh the 


also when it was added 


was added to thes 


listilled water m whieh the condi were 


phosphor 


the prorst radiation leakage at 
bn large Ny prevented even when N-rav doses as 
s 7.200 r. were used 

detailed report of thes« well 
published hater 


the tenure of a 


work Was carried Ont in 

professorship at the 
Branch of 


r (Omtario). and was supported im yeart bey 


Energy otf Canada, Ltd 


researc! yvrant fron the 


National Cancer Institute 
ot Canada My thanks are dune to Dr... F. Whitfield 
and Dr. R. H nterest during these 
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Protective Effects of 
Diisopropy!fluorophosphonate against the 
Lethal Effects of X-rays before or after 

Irradiation 
PRE-TREATMENT with diesopropy 
DFP) s IPpPTresses the merease in rmeability of the 
ntestinal vessels of rats after abdomunal irradiation 
and similar vascular changes due to other types of 
myury DFP also reduces gastroimtestinal ptorms 


rays 


myuryv one of 


diarrhea), which occur after exposure to 


death from gastromtestimal 
the well-recognized forms of acute radiation death. it 
was decided to test the effects of DFP on rats ¢ posed 

» 1 hole irradiation Pwenty rat's were 


whole-body N-ra ith 


Philips 


onl delavs brut also prevents deat] 
centaye 


oft 


pul cent niibed 
proved 


mecreased to 


ately 


NAEURE 


filters, 30 em 


these 


Copper, ane 
1-4) distance) 
ten of aninals received a prior imyjection of 
DEP before kym 

The results of this « \ periment Fig. 1) show that 
im the tirst 


irradiation (3-00 


three days after exposure to X-rays 60 
per cent of the control, but only 20 per cent of the 


pre-treated animals had died. By 28 days. however 


thes proportion of eontrol and pre-treated 


animals survived The early deaths (upto three days) 


ere due to vastromtestinal which 


tested themselves mi severe 


shile the 
lates 


diarrhea and its 
deaths in the 


CODING 
lethal 


lay and could be attributed to. the 
nyuries to the hanatoporet i thus 


the well-established sequence of radiation deaths 


bt on whe 

sith DEP 
Phi it t pre with 
protected the rats avast the 
death 
thes:s further. rats were 
of N-ravs over the 


DF 
imtestimnal death’ but 
thie 


To test this hypo 
ated with various doses 
entire abdomen, the rest of the 
anneal bemg shielded so that most of the humato 
poietic SVstem Was protected 

Table that DEP not 
ima high per 


irradiation. Of 60 rats receiving such 


treatment with 


of rats exposed to doses of 


doses of N-ravs 05 2-8 per cent died within fou 


weeks, while of those treated with DEP only 65 


(difference fh 
when the 
2.200 7 Nhe protective 


meflective dose ot 


N-rayvs was 
effect of DEP 
vas the same whether adrmimistered before, mmedi 
after expos or 24 hr. after 


Table | 


irradiation 


+ DEP TREATMENT ON THE SUD 
Kat ABDOMINAL FIELIs) 


KADTATEI 


wo 


750 
750 


| 
x 
ee | 
Tritestinal 
enty t} Ha-matupoi 
i ‘ | \ 
! | 
rra 
oO the 
hl 
uh 
he 
during 
Biolog, 
= 
DEP 
' n. R. Whitfield, \ | 182 v4 
Rixon. R. Whitfield. J. Rad. B t 
<4) 
Fine t Per cent 
1 f DEP per cent eatl t end of 
— 
2 Kefore \-ray> 115 250 
| Kefore X $5 66 0 
0-0 
07) 
a 


lhe average apparen absorptren 


calcium and phosphorus. It should be kept ir 
nid. however, that the true 
sher. since the possibility of re exeretion of absorbed 


absorption s probably 


nerals into the intestinal tract moust be considered 
the other hand the retention and percentaye 


tention of phosphor mw were much lower than that 


ealeniu ind showed a relatively higher variability 
higher varialnlity of phos} horus retention 
connected with the need of the madividual bird 
fraw upon bone material Simee the ratio cale 


in bone (2-5: 1) differs vreatiy fron 
formation (20: | hems having a 
balanee, of bone 


formation are \ o ! 


phosphorus at their disposal; th vill 
mereased urmary excretion of phosphorus 
thy a low retention of phosphor 
the balance sheet 

eu baa lanes 


mversity, 


mawick, New Jersey 


RADIOBIOLOGY 


Protective Action of Calcium Gluconate 
against After-effects of X-irradiation 
on Conidia of Neurospora crassa 


mcrease in the survival of conidia of New os pord 
uradmated with N-ravs has been found when 
ghiconate is added to the plating 
\ colonmal, microconidial, flaffy strain of N. crassa 
(4-51) was vrown on roinunal Vogel mediim 
contamimge men oft peel 10) 
Conniia were harvested after meubation for seven 
clay q and suspended in distilled water with 
«final demsity of 5 10° cells per nil Seven (10 mil.) 
samiples were exposed to X-ray doses of 240, 720, 
2 400, 7.200 and 7 respectively (close 
{r.sec. at a distance of 25 mn. from the target 
Philips N-ray machime operating at 300° k\ 
constant potential with a half-valuwe thickness for 


thie unfiltered heam of The 


conidia from both the irradiated and eontrol san 

ere plated on minimal mediam with and without 
ailded caleinum ghiconate o> 1) onl.) The 
amount of hght received the conidia during 


plating Was to a and constant for all 


SiN replicate were carmed out 
at each dows« After plating, the conidia were meu 
batediat ¢ m darkness and yerinination count 
were made on the fifth dav 

The addition vliuconate caused ar 
} rmination irradiated conidia 
nnsupplemented 


Va 


hen compared with that on 
Table inerease in survive 


levels studied and was statistically 
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‘ ALC IUM GLULCONATE ON THE PRERCENTAGE 
Neurospora crassa IRKRADTATE A DIFFEREN 


VIVA 


presence of caleium gluconate 
therefore, lessened the death-rate 
liated) conidia showed mo sig 
ermination on the two 
The plat ethereney of t he 
about 35 per cent Phu 
conidia has been expressed a 
vertuination of unirradiated control 
an increase mo plating efficreney as a 
appear as a 
vreater than bo 
In addition to the provechive ae 
the comsecjuences of raciati 
as also evidence at certam doses o 
by the radiation In Cases 
Was seem as an mereased efficqency of plating when 
eon pared Wi that at zero dose n Others it wa 
ipparent as a reduction m net death of conid 
compared with that observed following lower dose 
inprublished work Thus, when conidia were plate i 
on without cale i? mconate, the 
survival percentage followmg a 
exceeded 100. and survival followme 1.2004 


exposure (while less than that at zero dos Was 


eXposul 


twiee as great 7201 The survival steadih 
decreased at doses higher than 7.200 r. (zero survival 
out of 10° conidia being obtamed with 
Supernmposed on the destructive effects of the 
irradiation there is apparently stimulation imduced 
by radiation of conidia which would mot other. 
vermimate 

{ixon and Whitfield®, in work mvolving increased 
survival of N-irradiated rats when treated with 
parathvroid extract, stated that protection agamst 
radiation death might be due to the ability of the 
hormone to imerease serum caletum they (Whitfield 
and Rixon, personal communication) believe that an 
caleinium-level protects the irradiated cell 
by reducing leakage of cell components throngh the 
Tite 

The radiation experiments with conidia of \ 

assa contin the hypothesis that) caleium is 
potential protector against death arising from the 
effects of radiation, and the experunents reported 
below show that the protection ts associated with the 


prevention nerease cell 


permeability 
Contdia were raised on a ! 


Pe e. of phosphorus-32 per aga lant for 7 davs 


2 
q 
for 
bee 
= 
tee ‘ ple on i 
mit al glu ite® 
j 
an $4 i 
equired 
‘ Tive ‘ale 
Kative ca *N to we ination of u ted : 
it for liation experiments with different d \ inist 
tes plicate represent 4 platings wit 
ile lated Tiv tiv wer iw es 
hen on a. 
} experiment excreted. a ! a 
S. Hurwirz 
I’) 
Department of Poultry Serene 
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/ 39. 4 wid 
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mted, there wa it oft phosphor 


nto the water im 


were magnitude «© 
eakage varied with the do 

hen cales 

th which the 


medium) (F 


Which tu 


were raed 


to 


were 


also when it was 
fistilled water on 


hee post radiation leakage of phosphor is 


be largely prevented even when N-rav doses as hig 
7.200 were 


detailed 


rublished later 
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Protective Effects of 
Diisopropy!fluorophosphonate against the 
Lethal Effects of X-rays before or after 

Irradiation 


PRE-TREATMENT with divsepropy 
DFP) presses the merease in rmeabilityv of the 
ntestinal vessels of rats after abdominal irradiation 


and similar vaseular changes due to other types of 


DFP also reduces gastrointestinal svinptoms 
atter raves 


gastromtestinal imjury is one oft 


diarrhoea), which oeew 


death 


exposure 
from 
radiation death. it 
was decided to test the effeets of DEP on rats ¢ \prosed 


whole-bod 


the well-recognized forms of aciite 


radiation. “Twenty 


browdy \ -Tavs it} 


rats were Wwe 


Philips \ rates 


ately 


kN 
filters, 


ern 


recenved prior 


copper, 
distance) 
DEP before irradiation (3°00 

The results of this 
the 
cent of the 


ten of these muyection of 
kgm.) 

1) show that 
to X-rays 60 
20) per cent of the 


28S dave, 


first three davs after CN posure 
control, bit only 
pre-treated animals had died By however. 
treated 


The earls deaths upto three days) 


the same proportion of eontrol and pre 


annals survived 


ere oh which 


i TO) vastromitestimal 
fested themselves m severe diarrhea and it 
while the deaths io the 
could be 


ines to the hamatoporetic system, thu 


ences second phase 
attributed to the lethal 


vs and later 


well-established sequence of radiition deaths! 


Daves after 
DEP on wh 
with DEP 
Phin if pore vith 


DEI 
against the “mtestinal death’ but 
death To test this hypo 


irradiated with 


protected the rats 
mot thre 
thes:s further. rats were 
of N-ravs over the 


Various doses 
of the 
heemato 


abdomen, the rest 


f the 


entire 
animal being shielded so that most 
poietic SVSTEML Was protected 

Table threat 


only also prevents deat] 


DFP not 
ma high per 
1334 
receiving such 
doses of N-rays 95 2-8 per cent died withm fow 
While of those treated with DEP only 65 i? 
differences DFP 
when thee ravVS Wits 
The protective effeet of DEP 
whether before. 


midieates treatment with 
delavs but 
eentave of rats exposed to doses of 
of halt-bodv irradiation 60) rats 
weeks 
cent suectumbed 
ineflective dose of 


proved 
mereased to 
vas the 


Table | 


exposure or 24 hy after irradiation 
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ts support the heory that DEI’ 


protects rats from ‘acute intestinal deatl 

ven if given after exposure to irradiation 
am grateful to Dh H. B. Fell and Ih \. 
mann for their advice and encouragement 
vork was done at the Strangeways Research Labora 
tory. Cambridge. during the tenure of a Wellcome 


He h Scholar ship 
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Differential Radiosensitivity in Rice 
(Oryza sativa Linn.) at the Genotypic 
Level 


INFORMATION on differential radiosensitivity ot 
genotypes of a gene locus ts scanty During a course 
f investigations on the effects of pile radiation 
rice, advantaa vas taken of an anthocyanin piu 
vented mutant appearing as a heterozygote for 
albinisin in Ny population of a vari GKEB-24 to 
study the relative radiosensitivit genotve 
at this locus \ weatliings of the mutant segregatert 
nto greens and albinos na 3 l ratio N plants 
homozygous domimant and heterozygous for chloro 


phvll character, segregated in 1 ratio, showing 


that the genes tor albinisin haved as rece 


ive to normal green. In the first of the two experi 
ments, dry seeds from the heterozygous .\ plant 
were irradiated with 5 40 kr. of X-rays from a therapy 
type X-ray machine operating at 250 kV.. 30m arnip.. 
vith 2-0 mm copper The seeds, stabilized for 
moisture content, were placed at a distance of 22-0 
m. from the y and at that distance the dose 
rate was 309 r. per min. In the second experiment, 
in addition to those from the N, plant referred to 
above, seeds of one of its N , progeny, known to be 
homozygous dominant for green, were also irradiated 
The dosage-range was 10.50 kr., and the dose-rate 
at a distance of 13-5 em. from the target was 650 1 
per min 

It can be seen from Table Ll that X-rav doses higher 
than 20 kr. had imereasing effects on the rate of redue 


Table 1 here T OF N-RAYS ON 


ion of number of seedlings in both the expermuents 
It was further evident that with high doses the 
normal ratio, namely, 3: 1 of green to albino seedlings, 
was also affeeted. As the dose increased, the rate of 
jecrease of albinos in relation to greens became 
significantly higher, giving eventually 9:1 and 
0-5:1] ratios for greens to albinos at 40 kr. in 
experiments L and 2 respectively (Fig. 1). It was 
evident that this was due to the greater lethalit, 
in the albinos, and the seeds carrying the recessive 
condition were more radiosensitive than the other two 
yenotypes. It is of further interest to note that 
a difference existed between the homo- and hetero 
zygotes for green in their degree of rad:osensitivits 
At the dose-level of 40 kr., there was more than 
four-fold) decrease im emergence of seedlings in 
the mixed population of homo- and heterozygous 
greens as compared to the homozygous dominant 
Presumably the greater radiosensitivity of th 
recessive gene is expressed even when it Is in 
a heterozygous condition Whether higher radio 
sensitivitv in the recessive genotype was due to a 
pleiotropic effeet or mutation of a closely linked gene 
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ilter sowing 


htaiming 


Exp. 2 No. of seedlings 
(lings from the \V, plant 2 froman plant 21 
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ryence of Percentage 
emergence of 
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bines 
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Metabolism of Carboxyl-'*C-labelled 
2,4-Dichlorophenoxyacetic Acid by Bean 

Stems: Heterogeneity of the Ethanol- 

soluble, Ether-insoluble Products 

PHERE is & considerable disagreement im the litera 
ire concerning the nature and number of radioactive 
isolated from: bean plants 
following exposure to 
(2.4-D) labelled carbon-14 (refs. 1-6) 


Because of this situation it was decided to re 


wtabolites which can be 


with 
mvesti 
vate this problem in connexion with our wor k on the 
nduction of callus growth m bean stem sections by 
2.4-D (ref. 7 
The details of the pre paration and isolation of the 
rachoaetive, water-soluble products from bean stems 
vhich were treated with carboxyl-C-2,4-D will be 
reported elsewhere. Briefly, bean stems were vacuum 
nfiltrated with 2 per cent lot VM 
(2) sterilized 
by brief immersion in 0-5 per cent sodium hypochlorite 
solution, rinsed in sterile distilled water, and incubated 
They were lvophilized, 
with wet 


and 
surface 


sucrose 


n nutrient medium for 2 days 
and contmuously extracted 


After removal of the solvent by distilla 


pulverized, 
wetonitrile 
tion, ether-soluble material was extracted at } H 1-5, 


discarded The 


Dowex-] 


and sedimenting imsoluble matter 
aqueous layer was chromatographed on a 
formate column using a gradient of imereasing formic 
acid concentration. The radioactive peak was freed 
trom formic acid and further purified by passage 
hrough a water-saturated silicie acid column usmg 
water-saturated 35 per cent #-butanol in chloroform 
as the eluting agent. The product was homogeneous 
chromatography mn the solve mt of Jaworski 
tal.4 and contained no detectable nimhydrin-positive 
ontamimnants 

When this material 
amount of chareoal (“Nuchar’) im a 


tunnel, the elution pattern shown in Table L was 


was absorbed on to a small 


sintered glass 
obtained. Separate re-application of each of these 
tour fractions to fresh resulted im their 
elation at the same relative positions. When another 
aliquot of the puritied material was applied to a 
chareoal column which differed from that deseribed 
by Stambaugh and Wilson* only im that the column 
length while column diameter and 
volume of eluting solvent were halved, the distribu 
tion of radioactivity shown in Fig. 1 was obtained 
This pattern very reproducible and 
the presence of some 10 different components in this 
found that not all 


charcoal 


was doubled in 


was suggests 


ruxture In practice, it was 


ble 1 ELVTION OF PURIFIED RADIOACTIVE, WATER-SOLUBLE 
AND ETHER-INSOLUBLE BEAN EXTRACT FROM ‘NUCHAI 


tal of 3.000 e.pa ere applied to 0-5 gm. charcoal. Thre 
fract collected with each solvent 


ent Total 


Water 

per cent ethane) 

per cent NH,OHW in 25 per cent 
per cent aqueous acetonitrile 
Total recovered 


t} 1s) 
i 


ascertamed trom the 
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Eluted volume 


elution of cadioactivity from 12-in. charcoal columns 
mil. eluted volume 


rig. 


mil. fractions were ut between 350 and 


stable, and if great 


was not taken during the chromatography on 


these roaterials were equally 


care 
there was considerable hydrolysis, result 


ing mm the release of some radioactivity ino ether 


soluble form accompanied by the appearance of at 
least 10 distinet ninhydrin-positive materials in the 


The 


was eluted 


water-phase water-soluble radio 


ACTIVITY from charcoal only with per 
cent amunonium in 25 per cent ethanol. 
Hollev? suggested that the ether-soluble hydrols 
product of the water-soluble bean fraction might be 
6-OH-2,4-D, even though the compound was unknown 
at that tire. Sinee then, 6-OH-2,4-D has been pre 
pared by Cavill and Ford®? Using a small sample of 
this material, supphied by Dr 
Ford, we found that it travels on paper indistinguish 
2,4-D in the 
However, when methyvlethylketone- cone. ammoniun 


prem rously 


ably from solvents previously tsed 


water 3-2 v’viv) was used the two corm 


pounds were readily separated. In this solvent the 
ether-soluble radioactive hydrolysis produet from the 
bean extract was clearly separated from both these 
2,4-D = 0-35; 6-OH-2,4-D 
hvdrolvsate 


distribution of the 


known substances (PR, 


O-gl bean extract Counter 


current ether-soluble material at 
pH 5-1 between phosphate buffer and diethylether 
resulted in the separation of four radioactive com 
These results suggest that the previously 
main product of 2,4-D 
is indeed a complex mixture of amino-acid 
unknown acid 
towards the 


ponents 
reported 


metabolism in 
beans! 
amides of several different and as vet 
2,.4-D Further 
identification of these acids is m progress 


metabolites of work 
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Excretion and Hepatic Storage of 
5,6-Dimethylbenziminazoly! Cobamide 
Coenzyme labelled with Cobalt-58 


and 


Barker et al recently isolated a 
turnin B 


that 


derivatives from bacteria demon 


hey act as coenzvmes in the conversion 
laspart ate the 


amate to S-methy 


Ibenzimunazoly| cobarmiude coenzvine 


mad to oceur in rabbit liver and to act as a 


enzvme system, it is reasonable to 


are the forn in which 
sin the tissues and that the 


consist of 


that the 
B,, exist extrinsi: 
ancl simular 
previously been 


Simee we have 


m the turnover of vitan in B 


thought it of interest to perform 
im mean 


nurses who volunteered for 


turnover of raclioactive 


healthy student 


oxperiment were given an intragluteal myection 

DCC labelled with cobalt-58. The preparation was 
ly provided by the Squibb Institute for Medical 

Ne Ne and had 


he activity of about | ue per The 
arrival 


eareh, Brunswick, Jersey. 


u“ ve fron 


was imyected soon after its 
ibroad and protected from light in order to minimize 
broeakdow? 

Three of 


the test subjects received a dose of | 
75 ugn in mil. of phy wlogical saline 
ubjects collected their excreta in one-day 


lates 


ions for 39 days (except on days off), and 
only durmg the seventieth to seventv-ninth day 
The 

In porce lain Cups in a cou! 


Recovery 


following the injection samples of fieces were 


noemerated at ( 
irnace in the boiler room of the hospital, 
radio 
The urine 


by evaporation Phe 


experiments demonstrated that no loss of 


ACTIVITV Owe irred during this procedure 


“unples were concentrated 
ashes and the concentrates were counted ina well tye 
scintillation counter together with appropriate stan 

and the raclioa 


eted 


tivitv was expressed as m pri 


counts were also taken over the 


Radioactivity 


ea under standard conditions, once a dav for 


oo days, and once on the sixty-fifth day 


ints were corrected for radioactive decay 
re 
Table 1 
the injection the 
but 


sults of the exeretion work are yiven im 


It is seen that during the first few davs after 


urinary excretion was. slightiv 
excretion of radioactivit, 
From the fifth day 
irinary and fiwecal excretions were about equal 
total-body radioactivity 
rhtly less 


nological hualt-lifs ot 


elevated, later on the 


Was remarkably constant on. 
The 
per clay 


This valu 


lost 


traction of the 


cent or sive 


about one 


the first day following the injection. rela 


trong radioactivity was measured over the 


f urine fi 


wv long periods is dif 
nh that the 
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liver area, the counts ranginw from 246 to S28 e pa 
the background e¢.p.m.) Maximur 
counts were observed within the first 12 days. During 


ahove 


the 65-day period when liver counts were taken, ther 


was no clear-cut decrease in hepatic radioactivits 

Thus the hepatic lnologi il half life must be long 
On the whole, the 

DCC are simular to those 


ition of 


results obtained with radioact iv: 
admin 

radioactive vitamin B When 
DCC is injected there ibly slighth 
spill-over’ of radioactivity into the urine in the 
the injection. During 
later periods the excretion-rates and the total-body 
half-lives of the ver 


observed after 
46-8 


very 


radioactive 


is po 
less 
lays unmediately following 
biological two compounds eure 
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HAMATOLOGY 


Occurrence of Heparin in the Blood of 
Fish and its Prevention of the Clotting 
of Fish Plasma 


Tut property of the blood of tish to clot rapidly 
provides & means of protection from fatal hemorrhage 
such as may follow injuries'. Sometimes in the same 
tish the blood clotting-time is known to differ markedly 
In the pre 
laden with 
mstantancous, 


phases of its life-evele 
spawning phase when the fish is fully 
reserves, blood clotting is almost 
whereas during the period of physiological stress 
follows spawning, slow 
Such variations m the coagulation 
unknown factors 


at two different 


which generally clotting 1s 
and prolonged. 
time have been attributed to some 
which may involve a change in the 


of the blood of fishes? 


chemistry 


RADIOACTIVITY 


Urine sur f fw 
at the time of 


ets collected only fweces during this perio The urinar 


ring the preceding collection period 


vi 
trate 

f 

tive 
Vitam 
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Heparin, the vn anticoagulant, 

Uphurie acid « 
remarkable 
blood both 


nm recent years there has been mecreasing recognition 


well is poly 
ster of a polvsace haride® lt has the 
the fluidity ot 
vitro and and for this reason 


property of preserving 


of its value in medicine and surgery The presence 


ot heparin has generally Deven recorded ivk the blood 
ana mals h ibs 


tissues of homoiothermous 


mammals which form the chief source for its extrac 
tion’ In poikilothermous an'mals and more pat 
there 
its occurrence and 
During a study of 


ticularly im fishes appears to be no previous 
mode of action 

of the Indian 
Ophice phalus (Bloch) 
collected with a hypodermic 
syringe from the truncus arteriosus after pithing the 
fishes and exposing the heart. It then appeared that 


the clotting time of blood was short and that without 


weount of 
the haematology 


treshwater murrel punctatus 


blood samples were 


the use of anti oagulants, sititable samples could not 
be obtained. A solution of peptone, as used by earlier 
njected to liberate 
quantities of heparin ce vireo This 
satisfactory results as the blood lost the power ot 
clotting temporarily although the peptone solution 
did not prevent clotting om vitro It thus 
evident that even in fishes production of 
order to the fluid f 
blood was @ natural phenomenon. Further 
were carried out to illustrate the presence of heparin 
the clotting of 


workers in higher animals’, was 


in itself 
becarne 
nature © 


heparin in rant 


Tests 


to prevent 


in blood and its Capacit 


Faintls 
posi 


Table | gives the plasma prothrombin time of 
O. punctatus by using standard methods*® under the 
different The results indicate that the 
prothrombin was prolonged after injecting 
mil. of 5 per cent peptone solution per LOO) gm 
body-weight. It was considerably longer when the 
tishes were heparinized with 0-1 ml., heparin B.P., 
for every 100) gm. body weight 


conditions. 
time 


1.000 per mi 
In both these cases intramuscular injections were 
Each value given in Table 1 was 
ndividuals which each gave 2-3 
readings blue, as have been 
recomended for heparin® also gave positive results 
(Table 1) 

It therefore 


on the bax k 


obtamed by using 10 
with toluidine 


ests 


certam that this remarkable 
anticoagulant occurs in the blood and possibly in 
other tish also It interesting to 
have more information about the piscine mast cells 


BOOTHS 


TISSUES would be 
and their occurrence in various tissues, for these cells 
in other animals are known to secrete heparin? 
The mechanism of action of heparin im fishes seems 
that in higher animals"! It partly pre 
vents the conversion of prothrombin to thrombin and 
partly action of thrombin itself. 
The co-factors such as plasma protem, serum alburnin 


simular to 
antagonizes the 


or heparm complement req ured for the action of 


hepariri seem to be present in fish plasma 
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A New Hemoprotein with a Unique 
Iron Porphyrin Prosthetic Group isolated 
from Human Erythrocytes 
H AMOGLOBIN, There than 5 per cent of 
the protein of the red cell, is the major proteim in the 
high 
ee ll 
other 


Catalase is 


extremely 
the red 
identification of 


mature human erythrocyte The 
coneentration of this compound im 
difficult the 
} emoproteins the ervthroeyvte 
whieh ha isolated 


\ third spectrally 


renders very 


been from ervthro 


similar 


hemoglobin but which has been 


funetionel im the 
has also been re ported! It 


reported to 


methaemoglobin reductase system 
x the purpose of this 
still 
another heemoprotein which has been isolated from 


This 


is prost het mc group 


communication to present observations on 


normal human erythrocytes 


particularly 


compound 1s 
note worthy 
appears to be different from: any previously reported 
naturally occurrimg iron porphyrin 

Phis hemoprotein can be readily distinguished trom 
haemoglobin or catalase by its spectral properties as 
the 
pound has no sharp absorption peaks in the 
the Soret of the 
has a typical hemoprotein absorption with a max 
$16 The 
compound has a broad peak in the 
the Soret 


shown in Fig. 1 In its oxidized form com 


region while in region spectra if 


mum at ri. evanide derivative of thi 


visible region 
and in 
In contrast to catalase, the new 


with a maximutn at 560 mu 
the peak is at 424 mu 


leemoprotein can readily be reduced with dithionit« 
The reduced form has absorption maxima at 560° m 
and 434 mu. 

fable 1 compares the 
tnaxima of the hemoproteins known to oceur in the 
red cell 


position of the absorption 


A clear distinction can be made between 


ka ST? 
Zi 
3° hay in Medicin Oxford Univ. Press, 1946) 
nick, A. J., Physiol, R 24, 207 (1044 
we 
Normal | peptone injection heparin injeet 
Prothrombin 
Test with tolui- | 
is 
ia 
abl 
| Absorption maxinia 
Heemoprotein Oxidized | Cyanide Keduced CO reduced 
Preparation 416 $24 34 
Mveloper 
oxidase (ref. 7 $30) $55 17 
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he newly wolated hue atalune 


and 


hase ovlobin It ‘listinguishedt 


asily 


whit h 


present if the 


yeloperox idase, might 


cells 


eoner 
had 
preliminary st of the 


vably buat 
Preven white not heen com 
etely removed 


Iron prosthet this co 


o differ from that reported for any 


vroup of 
pound appears t 
other paration 
vith acidified acetone as previously described? does 
vie ld a hemim which is extractable by ether 
However, addition of pyridime and alkali to the 
oprotemn preparation does yield a hwmochromo 
en Spectra The 
at 572 meu at 535 n 
$30 mu. 


\ purified preparation of the 
tnalyveed for the 


analy sed as 


Treatment of the pr 


mor 


reduced hemochromogen has an 


and peak at 


haemoprotem “ 


prote by biuret proced andl 


thy iron dle 


eontent 


seribed Ass 


pore \ 


img that each molecule 


iron porphyrin morrety, the 


contains 
molecular vel 
was calenlated to be approximately 67,500 

did not appear to 
No pero dase activity could be 
emoprotem 


hvdrox, lalanine of 


The hemoprotein preparation 
as a poron 


attributed to the | when 


wri ol. ali 


dianisidine were ‘ 
ploved ais hydrogen donors 

lid not react with reduced d 
tri-phosphopyridine nucleotide 


The preparation 
However, the hi 

protein could be reduced by a highly puritied reduced 
triphosphopyridine nucleotide 
M.. unpublished work), 
the red cells In 
diaphorase appears to be 
ted by 


dliaphoras« 
which 


(Mort Ison, 


Was also prepared 
properties the 
ilar to the methawmno 


Hiv rite ke ms «f 


rlobin recluetase yuu 


chromatically 


and in the splanchnic nerves of the 
are also present but im smaller murmbers. 
often 
Vessels, 
tissues 
imately 
the endothelium of 
closely 
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and rey methylene blue im order 
hammoprotem 


to reduce the 
This suggests that the haemoprotem 
nay play some part in electron transport 
the compound does not 
chromogen 
vith both 


mdicates 


However, 
have the typical hie 

evtochrome It 
mononxtde 


spectra of a 
carbon and evanide, whi 
that if its does play a part in 
transport it may act as an oxidase 

The method of and a more detailed 
account of the characterization of this hwemoprotem 
vill be published elsewhere 
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HISTOLOGY 


Mast Cells in Peripheral Nerve Trunks 


REFEREE NCES to mast cells only rare \ 
histological accounts of the strueture of peripheral 
nerve trunks. They were mentioned by Cajal’ and 
hv Rilev and West? in the permeuriam of the rabbit 
and of the rat respectively » and im the looser Cormne: 


tive trssties ot the 
the 


Orthagorisens mola 


they have 
the 
In injgured nerve trunks, how 

ever, Cajal! has tigured and briefly mentioned mast 
cells as elem nts of the endoneuriim ot the 

Recently we have studied thin liz) sections 

of rat sural and caudal nerves, staimed with methvlene 
blue after fixation in Dalton’s fluid and embedding in 

\raldite’ (a technique recommended to us by Dr. K.-C 
Richardson). Mvelin sheaths, Schwann nuclei. ete., 
were stained as expected, but, in addition, large cells 
with metachromaticallsy 


deseribed endoneurium im bors 


about 


stained vranules were fre 
quently seen im the endoneurnun as well as in the 
permeurium and the Metachromatic 
granites or amorphous material frequently extended 
from these cells mto the nearby TISSLLe Spaces bet ween 
wijacent nerve fibres and as an 


miter lining to the 
endothelium of the 


cells of thos 


Large 


kind 


Theta 


are also 


conspicuous elements in similarly fixed and stained 
longitudinal (10u) sections of cat femoral 


mouse 


nerve and 


sciatic nerve. In the guinea pig sural nerve 


rat and man they 
The are 


seen im contact hlood 


In the rat 


with 
occur 


small nutrient 
freely im the endoneurial 
they constitute approx 
5-2 per cent of all the cells enclosed within 
the perimeurium Thev ver 
resemble the mast cells that be denion 


nerves 


\ 


strated in the rat's mesentery by similar fixation and 
staimmg or by 


alcohol fixation and staming with 


Red 
4 
‘ 
i 
: 
I: 
; 
I: 
2 
? 
N 
ye 
~ 
Wave-length 
big Phe hemoprotein is dissolved in V hydrox Bes 
pre nh per nail thee preparatior 
brent wl h hha breve dded a tew vat Soitd 
fristhware methyl ntaining olM 
evanioe 
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INTERCHANGEABLE CONICAL GROUND 
GLASS JOINTS by “QUICKFIT” 


The “‘Quickfit’’ range of conical ground glass Standards Institution recommendations. Every 
joints covers practically every laboratory need. joint is normally made in heat resistant boro- 
Bulk production makes them available at low silicate glass, expansion coefficient 3.3. 10-* C. 
cost, and every one conforms to the Inter- Each is made to the ‘‘Quickfit’’ standards of 
natonal Standards Organisation and British finish and accuracy. The ‘‘Quickfit’’ catalogue 

gives you full details of the diverse range 


available. 


QUICKFIT & QUARTZ Ltd 
Dept. Z.AO, “‘Quickfit’’ Works, Heart of STONE, Staffordshire 
Phone: STONE 481 


Semi-automatic machir 
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For thus 


staming cells to 


ethylene blie or tolurdine blue reason 


ve consider these metachromatically 
‘mast cells 

work! suggests that some mast cells miaty 
their ability 
When suitably stimulated and miaty 
as chromafttin The cells ot 
caudal not the 


mi as this has recently been defined 


Recent 


be distinguished by to release adrenaline 
and noradrenaline 


exhibit 


cells 


be classified 
rat sural and nerves do 
chromatin’ react 
that is, they do not exhibit a yellow coloration after 
with Orth’s fluid. Subsequent staiming oft 
the same with methylene blue, 
revealed the norma! complen mt of mete hromatically 
At the time, Orth-tixed 
the 
stamed 


treatment 
howe ver. 
chromaftin 
methvlene 


stared cells 
medulla did 
which, 
exhibit 

In injured rat merves some chanyes occur the 


reaction cells 


did 


show 


when with not 


metachromasia 
cell with norma! 
In nerves cut 
(statistically 


population, as compared 
1-S days previously a higher 
proportion significant) of the cells 
appeared to have shed some or many of their granules 
the Lisslle although the total 
number present had In four nerves 
injured S months previously, however, the number 


nerves 


into nearby spaces, 


not changed 
of mast cells present had increased about 4 times ; 
caudal nerve cut, or crushed 
as many as 1,250 were counted 
300 in a length of 


in 5 mm. of rat and 
allowed to regenerate, 
as compared with 250 simular 
normal nerve. 


The function of cells is at 


these endoneurial mast 
present In many peripheral nerves a high 
content of histamine has been recorded*®, and in other 
tissues this has usually been related to a high content 
of mast cells’. There is evidence to 
mnplicate mast cells in the elaboration of connective 
tissue ground substance and, indirectly, of fibrils, 
unknown®. Thus, whil 
in conditions of 
first This 


obseure 


also much 


although by means as vet 
cell hyperplasia is 


usally 


marked 
appears 
the finding of 
which have 

be related 


tibroplasia, the latter 
with 
nerves 
where it 


observation is Comsistemt 
cell hyperplasia only in 
erated for a long time, 
to the increase in connective tissue collagen reported 
by Abercrombie and Johnson’ in such nerves. Mast 
cells may play the metabolism of 
connective the 


Process 


may 


some part im 
aiding formation 
initiate the Their 


to the of the 


endoneurial tissue, 
of fibrils but 


presse nce 


unable to 
relevant 
which is by no 


may be 
origin of this tissue, means sat isfie 
torily solved'® 
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PATHOLOGY 


Histochemical Evidence of 5-Hydroxy- 
tryptamine in a Dog Mast Cell Tumour 
cells of not to contain 


-hydroxytryptamine! this 
been found im neoplasms of these 


are said 


Furthermore, 


dogs 
sub 
mot 


tance has 


cells in dogs®. An mstance of a dog mast cell tumour 
is reported here, however, in which there was histo 


chemical evidence of the presence of 5-hydroxy 
Tryp 

The tumour removed surgically 
teat-like projection from: the abdominal surface of a 
black neoplasm measured 3-5 
1-S em and gre, 


characteristic histologica 


was a cvlindrical 
terrie? Phe cm 
1-3 em It was of soft 
white in colour. [t had the 
and eytological 
neoplasm The 
formalin and examined histochemically. 


texture 


mast cel 

pH 
A toluidine 
blue stain revealed clusters of large round cells having 


structure features of a 


tissue was fixed in acid 


the characteristic metachromatic granules of mast 
cells (Fig. 1). The histochemical tests for 5-hydroxy 
tryvptamine distinguish this 
substance from other related compounds 
Schmorl’s ferne ferricyanide produced e 
reaction, umdicating the 
stances in the granules which had survived formalin 


have been devised to 
strony 


presence of redueimg sub 


denaturation ; catechols do not' 
Black 
cells of 


reaction 


granules in most of the mist 
the tur folloying Lilhe’s diazo-safranin 
indicated the enterochromaftin 
substance. The identity relation 
ship of enterochromaftin substance and 5-hydroxy 
Lillie claims that 


try ptophan and 


cytoplasm i 
our 
presence of 


or close chemical 


established 
tyramine, 


tryptamine 1s well 


phenvilalanine, tyrosine, 
other tryptamines all fail to produce this reaction 
with this reagent* 

Frozen sections of the material fixed in acid formalin 
examined by ultra-violet light from 
a General Eleetrie A//6  1,000-wett 
and filtered through a Corning heat-absorbing blue 
filter ultra-violet-transmitting filter 
No 350 


were emitted 


mereury are, 


and a Corning 


5840) with Transmission at 


Fig. 1. Mast cells in a frozen section of a dog neoplasm stained 
with toluidine blue. The cytoplasmic granules which were strongly 
metachromatic are prominent 
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A 
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big. 2. Bright (orange) fluorescence in granules and in cytoplasm 
f the dog mast cells treated with Benditt’s ninhydrin acetic 
acid reaction 


\ Reichert) Zetopan microscope equipped with an 
dark -field 
The eytoplasmic granules 
of most, the cells exhibited a 
bright fluorescence The 
vis absent or tnperceptible when a mercury are of 


iltra-violet condenser 


for 


transmitting Wits 


the obsers ations 
all, of 
volden-vellow 


but not Thast 


fluorescene 


lower intensity (Osram 200 Was used Benditt 
modified Jepson and Stevens's ninhydrin method 
for paper chromatography’ so that it can be used 


histochemically to detmonstrate fluorescence of trv pt 
Ninhvadrin is sublimed (at 5 8 

¢ on to the seetion of tissu 
which is then treated with vapours of acetic acid and 
light The 


orange, fluor 


mereury at 


acetone and examined with ultra-violet 


mast cells so treated showed discrete 
Fig. 2). 


summary of the 


escent ey toplasmic globules 


The following is a histochemical 


evidence of S-hydroxyvtryptamine in the mast cell 
tTrmour 
H il procs Kesult 
bi Metachromasia of evtoplasmic er 
ulea (Fig. 1) 
bes ferric ferrievanid Strong reaction 
dlazonim action Strong reaction 
I liazo-safrani r enter 
h iaffin strong reaction 
'itra-violet fluorescence tiolden-vellow fluorescent granules 
Vapour-phase ninhydrin Orange fluorescent granules (Fig. 2) 
vptamine derivat 
Vethenamine silve Variabh 


\ccording to Benditt (ref. 9 and personal coniununice 
Benditt, E. P.. to W.G. and Barter 


a specific fluorescence is produced by 


tron from 


and Pearse 


the interaction of acid formalin and 5 hydroxytrypt 


amine. Catechols and resorcinol do not fluoresce like 
that after formalin treatment. The fluorescence noted 
n enterochromaftin cells after acid formalin fixation 
= concluded to be due to 5-hydroxytryptamine 

This fluorescence along with positive ferric-ferr: 
evanide and diazo-safranin (Lillie) reactions are strony 
presumptive evidence of the occurrence of 5-hydroxy 


tryptamine m the mast cells of this tumour 

The variable methenamine—silver reaction cannot 
be equated with 5-hydroxytryptamine production"! 
therefore, the failure consistently to reduce silver in 
indicate its absence 


this case does not 
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Histochemical evidence of the presence of 5 
hydroxvtryptamine in a cell 
implies an intraspecies as well as interspecies differ 
ence in its distribution m these cells. When inducer 
ultra-violet fluorescence is being studied, the import 


high-intensity light source 


tumoul 


dog mast 


ance oft usimg a 
emphasized 
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Identification of So-called Atypical 

Macroglobulinemia as an Atypical 
Form of 52,-Paraproteinemia: a New 
Immunological Entity? 
OccASIONALLY, ultracentrifugation of 
patients with multiple myeloma yields an abnorma!| 
protein fraction with a sedimentation constant 
of 8 12 S. Jahnke and Scholtan' referred to such 
‘atypical macroglobulinwe mia” 


tron 


Cases as because the 
sedimentation constant of these pathological proteins 
is smaller than that of the ‘true’ macroglobulins 
such as found in Waldenstrom’s macroglobulimemia 

Little is known as vet about the nature of these 
proteins. It was pointed out by Putnam? that these 
rapidly sedimentating are exclusively en 
countered in the case of so-called 3-myvelomata. They 
n 


protems 


differ from the $,.-macroglobulins 
characteristies*® 

In sera from nine patients suffering trom riultiple 
with the aid of the ultra 
centrifuge abnormal fraction 
with @ sedimentation between S and 12 
In most cases, this rapidly sedimenting component 
was visible in the ultracentrifuge diagram as a sharp 
peak with a narrow base a picture characterist i 
of paraprotemenna. 

Sulphydryl reagents did not these 
atypical macroglobulins into smaller 6-S fragments. 
a fact which is in contrast with the findings obtained 
in Waldenstrém’s macroglobulinzeem:a' Disulphick 
bridges, therefore, are probably of no importance 
n the macromolecular structures of the proteins 


mvestigation 
revealed an 
constant 


miy eloma, 
prote nh 


dissociate 


under investigation. 

After electrophoresis in agar-gel®, a pathological! 
protein fraction im the ($-globulin or high-speed 
y-globulin region was found in all sera (Fig. la). Two 
abnormal protem fractions were present im two Cases 
The quantitatively important fraction was 
the $-globulin region, while the less pro 


most 


found in 


3 
= 
¥ 
Ae 
et 


aves March 4 1961 
ineed component was localized idk the 3 yl 
area (Table 1) All paraprotein fractions 
periodic acid—Schiff-positive, but failed to stain with 
udan black. 

Two sera (Be and 
electrophoresis on starch. It 


that 
paraprotein component of both sera was separated 
which could be isolated. The 


was found 


into two fractions, 


ugar gel-electrophoresis ; barbitalt 
tained on normal huraan serum (.‘ 
the seru 


fraction in the 


june serum 
globulin region. ¢ 
eles im ent Bu (upper basir 
normal human im ( I u). The antiserum was 
absorbed with rd serum and normal human serum 
It is clearly nonstr d that the paraprotein fraction has 
genic determinants 


Bu) were examined by zone 


slization in the pherogra! 


y-globulin 
behind 


bulin 


ma fraction 
small fractior 
main fraction) 
small fraction 


bulin in n 


man serur 


ons in the s¢ 
rar-gelelectrop! 


Relative bilities m 


satienta with 
Nobel Agar’ arbit buffer voltage 
chnical details 
tical and immunological analysis of these frac 
tions 18 now inh progress 
For the purpose of more precise characterization of 
the paraprotein fractions in the sera from our patients, 
these sera were submitted to immuno-electrophoret 
examination. With the aid of a horse antihuman 
mmune serum (Institut Pasteur, Paris), we obtained 
results such as those seen in the case of 8,.4-myelo- 
wta®?. The 6,4-line m the diagrams was consider 
ably accentuated and displaced towards the anti 
The 6.,7-line was as a rule 
shortenime 


serum reservoir (Fig. 15). 
acking The > -line sometimes showed 
towards the anode side The results 
found with a rabbit immune serum (AK6) against the 
serum of one of our patignts (Be). In the 6-globulin 
there was in the immuno-electrophoreti 
heavy precipita 
tion line, situated This ab 
normal line, which could not be detected in immuno 
normal human serum 
shows a reaction of identity with the albumin line 
Fig. lh arrow } This was clearly de monstrated by 
mmuno-electrophoresis of the patients’ sera with a 
immune serum (Behring 


same were 


region 
examination of all sera a short but 
near the antigen-cup 


electrophoretic analysis of 


rabbit anti-human albumin 
Fig Ic) 
The abnormal 
is probably & CON of alburnin with a yet 


werks 
protein fraction in the %3-globulin 
inknown protem This ‘ omiple x could be dissociated 
by treatment with cysteme Fig ld) 

only 
Heremans” the 
albumin complex in the 
+-globulin rion was found It is likely that 
{-paraproteinemia with a rapidly 


been reported before by 


findings have 
cases of S,4-mye loma, 
nvestigated 
those 
represent % 
dimentating protein component. 

this abnormal! albumin precipitation hne 
additional abnormal precipita 


Cast 


Besides 
there was sometimes 
tion lime in the 


electrophoresis with a rabbit 


3-globulin region immuno 
anti-human globulin 
ymmune serum, it was demonstrated that these lines 
have a y-globulin antigenic structure. 

All sera were examined by immuno-electrophoresis, 
rabbit i-globulin momune 


specific anti-3 


(Behringwerke) as anti-serum In all cases, 
precipitation line was visible which corresponded 
with the line P found with horse antirhuman immune 
this proved that the paraproteins under 


investigation did in fact possess $, 4-antigenic determ 


Serum 


nants. 

\ rabbit anti-serum (K6) was prepared against 
the serum from patient Be. This anti-Be mmune 
serum was absorbed with umbilical cord serum and 


Table 1 

i ' precif 

application gro« 

Just behind the #,-¢lo 

lot fast y-globulin region 

ove In the fast globulin regior 

Le 0-20 In the fast globulin region 

PB hetween and globulin 
] 

In the slow y-globulin region 
Par In the fast y-globulin regiot 

a of the paraprotein m of 

PA 
all r | 

i 

: 

\ 

big. 1 ffes 

ina 

s of the 
knee serum of patient Bu (upper basin) and of normal human serun 
ty lower basin). Note the deformation in the A,4-line and the 
nana ibnormal albumin precipitation line (arrow The antiserur 
ised was A6. c, Immuno-electrophoresis of the serum of patient 
Seaeeae| Ve The antisera used were A6 (upper basin) and anti-humar 
sIbumin immune serum (lower basin). Immuno-electrophoreti 

see nalysis of the serum of patient Be before (upper basin) and 
ift treat t wit steir TI nt im 

> 


aa 


After absorption, this anti 
4,A-globu- 


normal human serum, 
serum contained only antibodies against 
lins both in immuno-electrophoresis with 
normal human and with the 
patients—it reacted by forming the 3,4-line (Fig. le) 
Cross-reactions were excluded with certainty because, 


be ause 


serum sera from out 


using Ouchterlony’s agar diffusion technique, reac 
trons ot rdentity were obtamed between the sera from 
both rabbit i viobulin 
and absorbed ant) - be 


with 
with 


anti-3,5 
rabbit 


our patients, 


Serum 
Serum 


abnormal 


{-paraprotenvenmia with the presence of an 
albumin component in the %-globulin 
region found to exist in the sera nine 
multiple myeloma patients examined, containing an 
abnormally rapid sedimenting (829 8 12 SS) 
protein fraction. If this is to be found in all cases 
of so-called atypical macroglobulinemia, then it 
advisable to abandon the designation 
macroglobulinemia’ (which is 
because it non-existing 
with Waldenstr6m’s in favour 
of the term ‘atypical 3,.4-myeloma. 

We wish to thank Dr. P. Burtin of the Institut 
Pasteur, Paris, for analysing and Dr. 
Schwick of the Behringwerke for supplying rabbit 


i-globulin immune serum 


was from 


would be 
atypical incorrect 


suggests a correlation 


two sera, 
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Fibrosarcoma in a Rabbit following 
4-Irradiation of the Skin 


deseribes the 


Tuts communication gross and 


histological appearance ot a fibrosarcoma which 
oceurred four years after exposing an area of rabbit 
16.000) rads 


pre vious 


skin to from a phosphorus-32 plaque 
The only 


rabbits resulting from radiation exposure is contained 


observation of skin tumours in 
in a recent communication by Sissons and Vaughan! 
These workers deseribed cell carcinomas 
in the external auditory meatus of rabbits injected 
with early The available 
literature indicates a low natural incidence of tumours 


Squamous 


strontiim-90 at an age. 
in 

Four vears ago, we began work in this Laboratory 
to determine the variation in the skin reaction of 
rabbits, pigs and sheep after acute exposure of doses 
of 2,000, 8,000 and 16,000 rads of §-irradiation. Six 
rabbits were exposed to either strontium-90 or 
phosphorus-32 plaques at two sites per animal with 


four sites exposed to each of the dosage-levels 


Bundles of connective tissue 
ireas of primary skin tumour Ho) 

indicated. The radiation intensity was in the range 
of 5,000-8,000 rads/hr. The experimental animals 
are being kept for their life-span. The clinical appear 
ance of the acute and chron 
reported separately (L. A. G 
preparation). 

The primary 
original §-irradiation exposure. 
a moderately firm, spherical mass, measuring 6 en), 
in diameter and raised to a height of 5 em. above the 
was located in the 
wall and the 
irradiation 

observed 


reactions 1s beiny 


and L. 


tumour occurred at the site of the 
The tumour formed 


The mass loos« 
connective between the 
which had become necrotic at the 


the tumour. Metastases 


bod, surface. 


tissue body 
skin, 
site over were 
* 


Fig. 2. Pulmonary metastasis, 
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The lesions in the lungs consisted 
2 round, white nodules on 


vrossly in the lung. 
of several small (1 
the surface of the right and left diaphragmatic lobes 

The basic pattern of the tumour 
consisted of interlacing bundles of moderately cellular 
fibrous connective (Fig. 1). The well-differ- 
entiated areas showed few mitotic figures. A network 
of fibres between the individual was 
strated in the differentiated areas with the Laidlaw 
stain. Other regions of the tumour disclosed moderate 
pleomorphism with rounding of the nuclei and 
diminished formation of fibres. Mitoses were 
what more frequent in such areas, which also con 
tained foci of ce-dema and necrosis. The pulmonary 
relatively 

The small metastases were 


hist ological 
tissue 


cells demon 


Sore 


metastases revealed a loose pattern ol 
fibroblastic cells (Fig. 2) 
often except for a 
of viable tissue. The tumour was diagnosed patho 
logically as a fibrosarcoma 
This work was performed under 
17(45-1)-1350 between the Atomic 
mission and the General Electrie Co. 
L. A. 
S. Marks 
L. K. Bustap 


necrotic narrow peripheral 
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Promotion of Leaf Growth by Short 
Days in the Short-Day Plant Chenopodium 
amaranticolor 

Past investigations into the relationship bet ween 
length of day, flowering and leaf-growth have failed 
to explain the complex interactions between then 
In most, if not all, plants the development of flower 
buds is reduction in leaf-growth 
and eventually leads to bract formation’, and Bunning 
and Konder® have shown that leaf growth in plants 
maimtamed in vegetative inductive 
than non-inductive conditions in the short- and 
long dav plants they studied. On the other hand some 
results obtained by Schwabe® seem on re-examination 


to indicate a promotion of leaf-growth bv inductive 


associated with a 


state is less for 


conditions in Nanthiwm 

Recent work by me (the results of which 
published elsewhere) has that 
leading to flowering in Chenopodium amaranticolo) 
initially also growth. Plants 
which were grown from l6-hr 
photoperiods for 26 days were then induced to flower 
by transfer to various numbers of 8-hr. days. As an 
immediate result transfer the rates of leaf 
and axillary bud initiation at the ‘apex increased 
considerably. Four days after the start of short-day 
treatment the daily rate of leaf initiation had in- 
creased to 3°50 from a long-day value of 0-46 and 
vegetative axillary bud initiation had increased from 
0-46 to 2-05 a day. At the same time the rate of 
growth of all immature leaves was stimulated by 
exposure to short days, even though it was strongly 


will be 
shown conditions 
promote vegetative 
yermination 


of such 
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La 


Days from start of treatment 


Effect of inductive treatment on petiole | ) and 

) growth of leaf 7 (8 plants per treatment). Plants 

rown in long days and then received 1, continuous 

jays B. two short days followed by long days; (, long 
lays (control) 


Fig. 1. 
lamina 


mhibited afterwards in induced plants. The growth 
of the leaf at which reached maturity before 
the imbibition dominant, is shown in 
Fig. 1. 

To test the closeness of this re lationship between 
amaranticolor, a 


node 7, 
bec 


leaf-growth and flowerimg in ¢ 
comparison was mace of the effeets of short davs with 
and without interrupted dark periods. Plants were 
grown in a glasshouse in continuous light (consisting 
of natural daylight in March-April at Palmerston 
North supplemented by light from 200-W. ‘Sieray 
mercury vapour Jamps ballasted with a tungsten 
filament which gave an intensity of approximately 
500 ft.-candles at the plant apices) for the seven 
weeks between germination and the start of inductive 
treatment. They were then divided into four groups 
of eight as shown in Table 1, 16 receiving 8-h 
photoperiods (~8) and the other 16 receiving 7-hr. 
l6-hr. dark periods interrupted 
at the mid-point by a I-hr. light break (+ LB) at an 
intensity of approximately 3,500 ft.-candles The 
total amount of light received daily by each group 
Buds were excised from the axils of all 
leaves than 16 mm. immediately prior to 
short-day treatment. In 16 plants (8 LB, LB) 
all apical tissue above the youngest leaf longer than 
16 mm. was removed and in the other 16 the apical 
The effect of these treatments on 


photoperiods, ith 


Was Tne same 


longer 


tissue was retained. 
the growth of the youngest leaf longer than 16 mm 
both with and without apical 
the LB groups (flowering) 
was higher than that of the + LB 
groups (non-flowering). It thus seems very possible 
that a direct relationship exists between the promo 
tion of leaf growth and the onset of flowering. The 
fact that a similar relationship occurs in both the 


is shown in the table : 
tissue the growth of 


significantly 


presence and absence of apices indicates that the 


Javle 1. PERCENTAGE INCREASE IN LEAF LENGTH AFTER SIX SHORT 
DAYS WITH AND WITHOUT INTERRUPTED DARK PERIODS 


(from ¢ test) 
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rowth stimulu Lenten ‘ ome step preceding 


the initiation of lov mordia and does not 


emanate from ther 
Investigation termine the universality of the 
promotion of leat-growth \ hich occurs im inductive 
onditions im m and are 
situation pre vailing at the 
clearly 


where ansitior © flowerimg 1s 
sociated with an imereased indicates 


ich a tendency to increased leaf growth through 

vat the plant prol ably oceurs widely concomy 
with the onset of flowering ce flow 

a strong inhibitory 


r primordia 


they exert 
vhich quickly suppre os 


are formed, howevet 
nfluence on leat 
any initial stimulat hich ight ive been 
resent 
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Estimation of Oil in Safflower Seed 


WeIGHT per measured bushel is a widely used index 
of physical quality of grain’. In applying this measure 
of quality to varieties of safflower 
torivs) grown on dry land in southern Alberta during 
1957-60, there wa a tion f 7 O-6S 
0-01) between oil perce niag and bushel weight 
The weight per of varieties varied 
from 36-5 to 49-5 Ib.. oil content vaned 
from 37-9 to 25-0 per cent, respec tively Since this 
lationship is contrary to that generally expected, 

of the physical and chemical properties of the 
| from fourteen varieties 


three locations wer wed for th purpose 


Carthamus to 


corre 

t 
measured bushel 


whereas the 


were investigated Sox 


ut 


1-00 


Specific gravity of seed 


Fig. 1. The interrelationship between oil percentage, weight per 
measured bushel, and specific gravity of the seed of 14 safflower 


varieties. 0-01 
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The specitie gravity of the seed was deternuned for 
on the basis of four 100-seed samples 


varietal means for three 


each variety 
location. ‘The 
for oil 
are shown in Fig l. It is evident 


trom each 


locations percentage, specific gravity, and 
bushel weight 
from these results (Fig. | 
percentages could be « liminated on the basis of either 
their high bushel weight or high specific gravity 
Chis relationship between oil percentage and specific 
gravity of seed is sufficiently close to be of practical 


value in evaluating safflower lines for their oil content 


that varieties with low oil 


The weight per measured bushel is easily obtained 
where as ibstantial quantit v of seed is available, but 
the specifie gravity index has the advantage of being 
‘ yually applicable to both small and large quantities 
of seed. Furthermore, it can be used to advantage 
in screening segregating populations. 

Since low specific gravity of seed is associated with 
ses were carried 
that might 


The percentage air 


high oil percentage, additional analy 
out to determime some ot the 
contribute to this relationship. 
“pace inside the seed wa ealeulated for each variety 
bet ween 


factors 


bv determining the difference in volum: 
whole and split seed. The hull with adhering seed 
coat was separated from the kernel to caleulate the 
percentage hull of the seed and percentage oil in the 
kernel Varietal means of three locations for these 
determinations are given in Fig. 2. The percentage 
air space inside the seed and oil percentage of the 
kernel decreased with gravity 
whereas the hull percentage increased The associa- 
tion between specific gravity of seed and hull per- 
centage was investigated further by determining the 


mecreasing specific 
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spect ravity of the hulls. Although thie specific 
gravity of the hull was found to vary with varieties, 
than that of the 
relationship between specific 


it was alwavs greater whole seed 
This explains the close 
vravity of seed and pere ontage hull The high specily 
yravity of hull and the factors illustrated in Fig. 2 
the relationship between high oil 


elarif percentage 


and low specific gravity of safflower seeds 
These reported inn 


results will be greater detail 


S. H. PAWLOWSKI 
Agriculture Research Station, 

Lethbridge, 

Alberta. 
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Potato Root Eelworm in the Canary 
Islands 


THE European and Mediterranean Plant Protection 
Organisation annual reports 1953-1959, which survey 
the incidenee of the potato root eelworm, /eterodera 
rostochiensis, record the oceurrence of this major 
pest of potatoes in all member countries except 
Italy, Yugoslavia, Rumania, Turkey, Cyprus, Malta, 
Libva and Tunisia 

On December 27, 1960, in company with Sr. Tuan 
Valladares Barbuxano, Ingeniero Agronomo de la 
Jefatura Agronomica, I discovered the existence of 
H. rostochiensis in potato fields at La Victoria de 
\centejo and in other districts in the north of 
Tenerife, Canary Islands. At latitude 28° 25’N., 
this would appear to be the most southerly occurrence 
aus yet recorded in the geographical distribution of 
H stoch? Old World. 


eneis in the 
R. CHAMBERLAIN 


Departrnent of Agricultural Zoology, 
The Queen's University of Belfast. 


A Technique for Destruction of the 
Pineal Body using Yttrium-90 Spheres 

Excision of the pineal body, first described by 
Exner and Boerse', has been frequently used in the 
study of pineal function and has been performed 
in various groups of animals*. Thermocauterization 
and stereotaxie ablation have also been employed. 
The operative mortality with the latter methods 
has been quite high due to lwemorrhage from adjacent 
hlood vessels. 

\ technique using yttrium-%0 spheres for radio 
logical destruction of the pituitary gland was recently 
introduced’. The same source of radiation was used 
in the present work. The yttrium spheres were manu- 
factured as described by Ginell and Simon‘ and by 
Ginell and Doering’. The activity of the spheres 
following activation in an atomic reactor was calcu- 
lated as described by Notter and by Notter et al.3.*. 
A 23 em. mid-line incision was made over the 
occipital region of fifteen rats following anesthesia 
which was maintained with ether. A hole about 
1-5 cm. in diameter was drilled exactly above the 
site of the pineal body. The position of the hole 
had been calculated in relation to the visible sutures 
between the parietalia and the occipital bone 
(checked by X-ray photograph, Fig. 1). Three or 
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wraph of the skull showing the site 


spheres 


four spheres were inserted on and around the pineal 
which overlie 
the bleeding 


body. Damage to the venous sinuses, 
the gland, could not be avoided but 
induced was easily stopped. 

Four experimental animals died within 2-4 days 
following the operation, the remaining 
survived and were killed on the Lith, 20th and 35th 
day after the operation. The brams and endocrine 
organs were then fixed for future examination. A 
preliminary examination of the irradiated tissue of 
the pineal brain region showed complete necrosis of 
the pineal body in eight cases. The radiation doss 
needed to obtain complete necrosis, provided that the 
spheres were placed correctly in relation to the 
pineal body, was calculated, as approximately 100,000 

150,000 rads, thus causing necrosis at the distance 
of 1-5-2 mm. from the periphery of the spheres. 

No appreciable radiation damage was found in 
the cortex of the brain adjacent to the pineal body. 


whereas 


Fig. 2. 


Dorsal view of the rat brain indicating the position of one 
of the yttrium spheres. ( 3) 
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except for two cases in which the spheres had been 
in relation to the pineal body 
50-80) per cent 


placed incorrectly 
Partial necrosis of the pineal body 
was obtained in a few cases in which the position of 
had not been optimal in 


the spheres apparent ly 
However, since a total 


relation to the pineal body. 


of eight cases out of 1] surviving cases were obtained 
with a complete destruction of the pineal body, it 


that the deseribed must be 


concluded method 


Wiis 
considered as a suitable means for localized destruc 
tion of the pineal body, and other small tissue areas 
as well 
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A Biennial Copepod from Lake Hazen, 
Ellesmere Island 


SEVERAL species ol copepods in the Arctic are 
known to have annual life-eyveles in the sea! and fresh 
water?, and macroplanktonic Crustacea of northern 
not breed until two years old®. So far as 
no copepod has been deseribed with a 
than and the extreme 
Hazen to con 


May 
| am aware, 
life-evele vear 
response of (clops st Lake 
ditions of low temperature and limited food seems 


greater one 


ttifer 


worth recording 

Lake Hazen (lat. 81° 45° N., long W.) is 
the largest lake of the Queen Elizabeth Islands of 
high-aretic Canada. It is glacier-fed, cold and deep, 
entirely free from ice in summer 


oo 


and is not always 
Primary productivity is very low, and the fauna is 
small in species and individuals 

The zooplankton was sampled regularly 
mid-June and mid-August. The proportions of 
naupliar and copepodite stages at one offshore station 
on four suecessive dates are given in Fig. 1. The 
proportions of the stages were very similar in plankton 

The con 
the popu 
period can 


between 


collections from other parts of the Lake. 
spicuous and persistent bimodality of 
lation throughout the short sampling 

only be the result of a basically biennial life-history 

A very few adults were taken in a surface haul on 
August 11, the last date of sampling, but presumably 
most copepodites do not reach adult-hood and breed 
until the autumn months. The products of this 
breeding pass the winter as nauplii and just begin 
to enter the copepodit® stages by the following sum 

mer. The possibility of slight exchange between 
the generations is suggested by the stage I cope- 
podites of June 18 and tho stage IL copepodites of 
August Il. 
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Reed, Co 


half-dozen 


l am indebted to Dr. kdward B orado 
University, for tinding the adult 
copepods in the entire collection and identifying the 
species as Cyclops scutife) Field work was carried 
out in 1958 on the International 
Geophysical Year expedition to Ellesmere Island. 
Research Board of Canada 
Bingham Oceano 


State 


Sars 


summer Canadian 


organized by the Defence 
Collections were analysed at the 
graphic Laboratory, Yale University \ 
biology of 


Lake 


Col 
plete account of the aquatie Hazen 
isin preparation 


I. A. McLaren 


Arctic Unit. 

Fisheries Research Board of Canada, 
505 Pine Avenue West, 
Montreal Is. 

Digby, P. S. B., J. Animal Eeol., 23, 205 


Comita. G. W., Ecology, 37 
Dunbar, M. J Zool,, 35, 797 (1957 
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BACTERIOLOGY 


Biosynthesis of Acetoin by Leuconostoc 
citrovorum 
that in most bacterial cells 
acetoin is formed by the condensation of pyruvate 
and activated acetaldehyde. The findings of Beck 
horn’, De Man® and Mizuno and Jezeski' leave no 
doubt that in the heterofermentative genus Leucono 
stoc the synthesis occurs via acetolactate. It is still 
uncertain, however. if acetoin is formed from sugar 
and, if so, out of which part of the carbon chain of 
showed that 


Ir has been shown! 


the sugar. Preliminary experiments 
washed cell suspensions of Leuconostoc citrororum 
ATCC 8082 do not form acetoin during glucose 


fermentation in a phosphate buffer. On the other 
hand, a large amount of acetoin is produced from 
pyruvate. When pyruvate and glucose are added 
simultaneously, the synthesis of acetoin is inhibited. 


evi ; 
on 
a8 
| 
vu | | 
on 
The proportions of tt! f nau id pepodites 
‘ »pa seutifer in vertical planktor f ut the 
Wm A. and Boerse, J., Deut, Z. Chir., 107, same station on successive dat No adu CVI) were 
Kitay, J. nd Alt M. The taken in the vertical haul of Aug but a few were taken in 
the Phusiological Literature (Harvard Univ, Press, 1454 A nearby surf ' n that date 
a 
) 
A% 
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exovenous pyruvate 


(citmie acid) 


pyruvate 


v 
ilcohol ( 


‘ 
( 


acetolactate acetom 


Cc. 


> 


A 


act. a etaldehyde 


lactic acid 


Only at the end ot the fermentation, whe rm the glucose 
concentration becomes so low that the production of 
carbon dioxide decreases, does the synthesis of acetom 
begin. In the presence of a favourable H-donator 
the pyruvate in the cell is) presumably 
reduced so qui kly to lactic acid that the condensa 


glucose 


tion of ps ruvate to acetolactate does not occur. 

In order to check if any part of the carbon skeleton 
of glucose is actually used for the s\ nthesis of acetoin, 
1-'*C, 2-"C and 6-"C were fermented with 
parts of a Leuconostoc suspension in the 
5-fold pyruvate. After the 
drop in earbon dioxide production the radioactivity 
in the As shown in 
Fable 1, radioactive acetoin is produced only when 
vlucose-6-™C ts emploved 


eight times less than that of the corresponding 


uhicose 
aliquot 
presence of a excess of 


acetoin formed was determined. 


The specific activity was 
carbon 
atoms in the glue ose. From this one may conelude that 
only OTL -¢ whth of the synthesized acetoin results from 
the carbon chain of glucose, the rest from pyruvate, 
In addition it is seen from Table 1 that only the 
ean be used for the 
acetoin, and not the C moiety, which appears as 
alcohol during fermentation According to the 

, first vields acetviphos 


lower 


part of glucose synthesis of 


results of Heath et al, C, 
phate, which is probably reduced further to aleohol 
via acetaldehyde the acetaldehvde 
cannot be activated and is not used for the synthesis 
of acetoin. Thus the scheme presented in Fig. 1 
may be considered as established for the formation 
the heterofermentative Leuco- 


Obviously 


of acetoin in 
nostoc, 

In contrast to these findings, Andersen® reported 
recently that Lenconostoe eitrovorum ATCC 8081 may 
radioactive from glucose-1-"C as 
from thus behaving like the 
homofermentative Str. diacetilactis. This result may 
be explained by the observation of Felton and Niven’ 
that the mentioned strain ATCC 8081 is not Le: 
stoc citrororum but the homofermentative Pedicoceus 


renus 


produce acetoin 


well as glucose-6-"4C, 


cone 


ACTIVITY OF ACETOIN AFTER FERMENTATION OF 
IN THE PRESENCE OF UNLABELLED PYRIVATF 


Table 1 SPRCIFIC 
LABELLED GLUCOSE 


barium carbonate Specific activity 
(mgm.) (muec./mM acetoin) | 


Glucose 
Glucose 
Glucose 


manganese chloride, 
pu 4°8. Total 


glucose-2-"C, 


Pyruvate, 500 4M 100 
calcium chloride, 8 mgm.: phosphate buffer, 0-1 N ; 
volume, 20 mil glucose-1-*C, 89°2 myc./mM ; 


muc./mW: glucose-6-"C, myuc./mM. 


glucose 


Leuconostoc citrororum 

that our strain 
heterofermentative Jenuconostoc, the 
in the fermentation products of spot 


cerevisiae To demonstrate clearly 
repre sents a 
radioactivity 
labelled glucose was determined 
is identical with that of Gibbs et a/.*. 
account will be published in Zentralbl. f 


M. Busse 
KANDLER 


The result obtamed 
A more detailed 
Bakt. 


Bakteriologisches Institut 

al. Sudd Versuchs ul. Forschunys- 
anstalt fur Milchwirtschaft, 
Weihenstephan, Munchen. 


J. Bact., 62, 199 (1951). Juni, } 
Juni, E., and Heym, Gloria A 
3(1956b). Watt, D., and Kramp 
10 (1947) 
thesis, Cornell University (1948). 
a ‘ Milk and Dairy J., 10, 38 (1956) 
. G., and Jezeski, J. J., J. Dairy Sci., 42, 1 (1959) 
. Hurwitz, J., Horecker, B. L., and Ginsburg, A. 
231, 1000 (1958). 
B., Milchwiss., 14, 429 (1959). 
1. A., and Niven, C. A., J. Bact., 65, 482 (1953). 
, Sokatch, J. T., and Gunzalus, I. C., J. Bact., 70, 


, and Gunsalus, I. C 
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Chloramphenicol, a Simultaneous Carbon and 
Nitrogen Source for a Streptomyces sp. from 
Egyptian Soil 
In work concerning the decomposition of anti 
n soil and micro-organisms capable of this 


biotics 
solution 
percolated 


process, a (250) ugm. 
chlorampbenicol/gm._ soil) through 
25-gm. sieved fresh garden soil, pH 7-5, in an appara- 
tus similar to that described by Lees and Quastel!. 
The chloramphenicol was applied in three doses ; 
the first dissolved in 50 ml. sterile distilled water 
and the others in 5 ml. added to the percolate in the 
reservoir. The antibiotic was bioassayed daily 
against Bacillus subtilis. The first dose disappeared 
after 1] days and the second and third after 3 days. 

Isolation of the micro-organisms involved in the 
decomposition of chloramphenicol was then carried 
out by plating the enriched soil in a medium contain- 


chloramphenicol 
was 


ing the antibiotic as the sole organic carbon source. 
The medium 
medium) contained, in gm. per 100 ml., erystalline 
magnesium sulphate, 0-5; crystalline ferrous sulphate, 
0-003 ; calcium chloride, 0-005 ; potassium dihydro 
gen phosphate, 0-1; dipotassium hydrogen phos. 
phate, 0-25; ammonium nitrate, 0-05; agar, 1-3 

adjusted to pH 7-0-7-2, dispensed in 100 mi. quan 


(ammonium nitrate chloramphenicol 
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tities and autoclaved at 15 lb. for 15 min. Before use, 
the medium was melted, cooled to 50° C. and chloran 
phenieol (100 ugm./mil.) added. Plates were incubate 
it suf for 15 days Only one type of organism 
ippearodl on the plate if the highest dilution (10-5), a 
Streptomyces producing greyish-white thin mycelium 
nd chains of chalky white rod-shaped conidia 
1-6 0-Su in stained preparations) borne on long 
open piral com Liophores (section NSpira in the 


ation of Pridham, Hesseltine and Benedict? 


classific 


[ts cultural characteristics on the media proposed 
by Waksman® were mycelium grevish-white on 
(zapek’s and starch agar and nutrient gelatin, 


glucose asparagine, glycerol asparagine 


orange on 

ind veast glucose agar media, and lemon-vellow 
on nutrient agar. Chalky white conidia were pro 
duced on all the media except on nutrient gelatin 


where the growth was markedly poor Pigmentation 
of the mycelium appeared to be connected with the 
heaviness of growth ; media showing non-pig 
mented mycelia the growth was poorer than that 
that revealed pigmentation 


on 


produced on media 


Growth in liquid media was restricted to a thin 
inpiginented prot le consisting of more or less 
colonies which acquired a chalky whit 


separate 
urface whe n conidia were tormed. None of the media 
tested induced the formation of diffusible pigments 
saccharose, lactose and mannitol were not 
There was no hydrolysis of starch, lique 
casein or cellulose, 


(jlucose, 
utilized. 
faction of gelatin, 
production of ammonia from peptone or 
Litmus milk turned alkaline after 15 days 
and 30° but not at 55° ¢ 
pasteurization mm 
had no antagonist i 


digestion of 
reduction 
ot nitrate 
Cirowth took place at IS 
The organism resisted 
broth at 60° C. for 30> mun It 
properties when tested agaist Staphylococcus aureus, 
Bacillus subtilis, Escherichia coli and Mycohacte) 

Repeated sub-culture (6 times) in the ammonium 
nitrate chloramphenicol liquid medium, using straight 
wire inoculation, always resulted in growth accom 
panied by the inactivation of the antibiotic, that is, 
the organism is capable of utilizing chloramphenicol 
as the sole source of carbon. On sub-culturing in the 
same manner (6 times) in the liquid medium without 
ammonium nitrate (chloramphenicol medium) growth 
inactivation of the antibiotic again occurred, 
the organism is capable of utilizing chloram 
phenicol also as the sole source of nitrogen. This 
the growth in the 
centrifuged, twice 
distilled water and for 
inoculating fresh (Table 1). Repeated sub 
culturing decreased the inactivation period and 
improved growth. Inoculation of the liquid medium 
without chloramphenicol failed to produce visible 
growth after periods of incubation up to one month 


glucose 


and 
that is, 


confirmed when 
medium was 


proper ty was 


chloramphenicol 


with sterile 


ashed used 
h media 


CHLORAMPHENICOL ON REPEATE! 


Table 1 DISAPPEARANCE OF 
SUB-CULTURING WITH WASHED Streptomyces, INCUBATION aT 30°C, 
100 «gm. mil.* 250 wgm./ml.* 

Inactivation | Visible Inactivation | Visibk 


period (days) | growth? | period (days) growtht 


First sub-culture ? 20 
Third | 5 


Fourth 


* In non-inoculated controls the variation in diameter of inhibition 
ones did not exceed 0-5 mm. in 20 days incubation 
¢ Seven days growth on glucose broth ++, 


March i961 


The ability of the organism to grow in increasing 
concentrations of chloramphenicol as sole carbon 
and nitrogen source was tested by moculating 100 mil 
juantities of medium contaming 100, 250, 350, 400, 
550, 600 and 1.0000 vem chloran phenicol mil 
with a loopful of 7-day culture in chloramphenico 
liquid medium (100) ugm. Growth of the 
ryganism and inactivation of the antibiotic took 
place in all concentrations up to 600 ugm./mil., where 
the antibiotic completely disappeared after 13 days 
No growth or reduction in activity could be detected 
within one month in the medium containing 1,000 
mil 


the l-chloramphe nicol 
was verified by the 
carbon, nitrogen, hydro 


Finally, the 
Kemicetine, Carlo Erba 
ination of its melting pount 
ven and chloride contents and by checking the weight 


purity of 
determ 


in the capsules supplied 
Work is im 
of the decomposition of chloramphenicol 
isolate 
We wish to express our thanks to Dr. T. 


mechanism 
by the 


progress to elucidate the 


(irbson 


of the School of Agriculture, Edinburgh, for con 

Y. ABb-EL-MALEK 
M. Monis 
A. Hazem 

Department of Agricultural Bacteriology, 

Faculty of Agriculture. 
University of Cairo. 
* Lees, H., and Quastel, J. H., Biochem. J., 40, 503 (1946 
* Pridham, T. G., Hesseltine, ©. W., and Benedict, R. G., Ap Micro 
biol (1958) 
Waksman, S. A., Bact. R 21, 1 (1957 


PSYCHOLOGY 


An Unexpected Effect of Attention in 
Peripheral Vision 

THE phenomenon here 
unexpected effeet of attention in peripheral vision 

of stnall objects such as keys 


described Sugyests 

Arrange a number 
coins, etc., on a table 
from some convenient 


and fixate a point among them 
distance, say 3 ft. Maintaining 
fixation of the point selected, attend to one of the 
objects and try to see or describe it in detail. 

A number of people including experienced psycholo 
gists and physiologists have carried out this procedure 
and have reported what I had previously found, 
namely, that the object selected for attention becomes 
hazy and may even disappear. The effect may persist 
for seconds at a time or it may be fleeting or fluctuat - 
ing; but other objects in the field remain steadily 
visible meantime. 

It is well known that the whole visual field may 
disappear when it is ‘stabilized’, and some people 
report that this occurs with steady fixation. 

The blurring or disappearance of small region 
selected for deliberate attention is, however, a different 
matter and suggests some form of central interference 

Much remains to be done in determining limiting 
conditions for the occurrence of the phenomenon 
and in discovering whether it is affected by training 
and practice. It is in any event a striking example of 
attention being associated with a loss rather than a 
gain in clarity. 

B. Basincton 
Institute of Experimental Psychology, 
University of Oxford. 
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FORTHCOMING EVENTS 


(Meetings marked with an asterisk * are open to the public) 


Monday, March 6 


ROYAL GEOGRAPHICAL SOCIETY (‘at | Kensington London 
S.W.7), at 5 p.m Mr. Stanislaw Leszezycki (Geographical Institute 
of the Polish Academy of Sciences The Economic Regions of 
Poland” 


INSTITUTION OF ELECTRICAL 
MUNICATIONS SECTION (at Savoy 
Mr. E. D. R. Shearman An 
Kack-Seatter Sounding in the 


ices 


trore, 


ENGINEERS 
Place 
Investigation on the 
Operation of 


ELECTRONICS AND COM 
London, W.C.2), at sO p.m 
Usefulness of 
Kroadcasting 


Burlington 


Kayler 


SOCTETY OF ENGINEERS (at the (ROLOGICAL SOCIETY 
House Piceadill London, W.1), at 5.30 p.m Mr. il 
some Aspeets of Pre Concrete” 
UNIVERSITY OF LONDON t Redford ¢ 
Park, London, N.W.1), at 5.30 p.m Prot 
Some Aspects of the Geology I 


stressed 


Inner Circle, Regent's 
Wegmann (Neuchatel) 


nts” 


LONDON (in the Eugenics Leeture Theatre, Unive 
London, W.C.1), at 5.45 p.m rof 

Some Recent Results in the Theor: 

* (Further lectures on March 


UNIVERSITY OF 
sity College, Gower Stre 
Harald Cramer 
Applications of Stoct 
13.) 


Re I RT Adam Street, Adelphi, London, 
W.C.2), Langford “Photography 
Industry and mimere ito eture 

CHEMICAL INDUSTI LONDON SECTION (at 14 Pel 
London, 8.W.1), at 6.30 p.m Dr. A. Dahlén (Sweden 
Industry in Sweden” 


SOCIETY OF 
grave Square 
Chemical 
Old Burlington 
Meeting on “Scientific 
Hall. Speakers 
Willis 


SOcIETY FOR VISITING fat 5 
London, W.1), at 7.30 p.m 
in Archeology”. Chairman 
Lerici, Mr. M. J. Aitken and Dr 


Dr. ¢ 


Monday, March €—Thursday, March 9 


Royal Hort 


OL AND COLOUR CHEMISTS” ASSOCIATION the 
N S.W.1 


society's ew Hall Westminster London 
rechnical Exhibition.* 


Tuesday, March 7 


CHEMICAL ENGINEERS 
Burlington «, Piceadill London, W 
FI 

UNIVE! INDON (Cat the London Scho 
Political Houghton London at 
Prof. Erie Voegelin World Empire and the Unity of Mank 
Stevenson M Lecture).® 


Street 


ROYAL SOcTE ARTS, COMMONWEALTH SECTION (at John Adam 

‘ W.C.2), at 5.15 John Macpherson 
Nigeria” 
INSTITUTION OF rRICA! NGINEERS, MEASUREMENT 

CONTROL SECTION ov London, W.C.2), at 

Mr. A. V. Hemingway and Mr. R. L. Dressler “The 

Control of Machines for Assembling Mechanical Components” 

Bedford College 

p.m Prot 

Jura Mountains 


Inner Cirele, Regent's 
Wegmann (Neuch&tel 


UNIVERSITY OF LONDON (at 
Park. London, N.W.1), at 5 
r Folded Chain of the 
UNIVERSITY OF LONDON it th 
Technology, Prince Consort Ko 
Dr. Wynne The Correction otf 


perial College of Science and 
mdon, S.W.7), at 5.30 p.m 
Aberration in Optical Systems” 


UNIVERSITY OF LONDON (at King’s College, Strand, London, W.C.2 
p.m Prof. H. Lundeg&rdh (sweden) Electron Transport 
Mechanisms in Plant Cells”.* (Further lecture on March 8.) 

ol of Pharmacy, 29 
pm Prof. H. W 


Tissues of the 


it 5.30 


Bruns- 
Mossman 
Mammalian 


oF LONDON (at 
London, W.C.1) 
W ise msin) 


UNIVERSITY 
wick Square 
University of 


5.0 
Glandular 


UNIVERSITY OF LONDON (in the Gustave Tuck Theatre, University 
College, Gower Street, London, W.C.1), at 5.50 p.m Mr. 1D. T. Swift 
Hook Magnetohvdrodynamie Generation”.* (Third of five lectures 
mn “Generation of Electricity without the use of Rotating Machinery”’.) 


Royal Hatfleld 
Technical p.m r 
Hurden 


INSTITUTE OF CHEMISTRY LON DON 
Roe Green, Hatfield 
Some Chemical Problems of Space 


SECTION at 
Herts), at 7.30 
Flight” 


College 


Wednesday, March 8 


ZooLoaicaAL Society oF Lonpbon (in the Meeting 
Zoological Society, Regent’s Park, London, N.W.1), at_10.30 
Symposium on “Aspects of Disease Transmission by Ticks’ 


MECHANICAL ENGINEERS, INTERNAL 
Birdeage Walk, Westminster, London 
The Mechanics of the Formation and 


Combustion of Liquid Fuel” 

ASSOCIATION (at the Geological Society 
London, W.1), at 5 p.m Annual 

Harris: “The Fossil Cyeads” (Fourth 


COMBUSTION 
S.W.1) 
Adhesion 


INSTITUTION OF 
ENGINE Grovr (at 1 
at 3 p.m Meeting on 
of Deposits Arising from the 
Burling - 
General 
Annual 


PAL BONTOLOGICAI 
ton House, Piccadilly 
Meeting Prof. T. M 
Address). 

UNIVERSITY OF LoNDON (in the Physiology 


Theatre, University 
College, Gower Street, London, W.C.1), at Kk. 


5.30) p.m, 


NATURE 


Kramer (University of Gottingen) Kenal Blood Flow in Relation 


to the Counter Current System 
SOCIETY OF ARTS (at John 
Sir Andrew MeCance, F.R.S 
morrow” 


Adam Street, Adelphi, London 


ROYAL 
Wes “The Steel Industry 


), at O p.m 
To-day and T 
ROYAL INSTITUTE OF CHEMISTRY (joint meeting with the CHELSEA 
COLLEGE OF SCIENCE AND TECHNOLOGY CHEMICAL SOCIETY, at the 
Chelsea College of Science and Technology, Manresa Road, London 
S.W.3), at 7 p.m Prof. G. A. D. Haslewood “Newer Chemistry 
Acids and Alcohols”. 


Thursday, March 9 


SOCIETY (at Burlington House, Piccadilly 
Mr. D. P. Craig, Mr. J. M. Hollas, Mr. M Redies and 
Analysis of the Naphthalene Vapour Absorptior 

I Naphthalene Naphthalene 


Friday, March 10 


ASSOCIATION OF APPLIED BIOLOGISTS § (at 
Harpenden, Herts), at 10.50 a.m 


Physiology 


of Bile 


Royal London, W.1 


Rothamsted Manor 
Meeting on Aspects of Crop 


RovAL INSTITUTION (at 21 Street, London, W.1), at 


f. Ronald King 


Saturday, March I1 


Horniman Museum 
pom 
. 


Albemarle 


Energy 


London 
Mitchell = 


APPOINTMENTS VACANT 


invited for the folk 


oned 


APPLICATIONS are wing appointments on 
t the dates ment 
BiocHEMIST for the Wellcome Laborators 
nary Hospital—The Secretary of the 
sity, W.2 (March 10 

Te RESEARCH FELLOW IN CHEMISTRY ollege 

1] College, Oxford (March 11 

LECTURER, and an ASSISTANT RER, IN 

ANT LECTURER IN CHEMISTRY 


Veter 
Univer 


situated at the 
University Court, The 


retary 


BOTANY in ASSIST 
1 ASSISTANT LECT CIN PHYsIO 

TURER IN ZOOLOGY r Secretary 
ege (University of Lor Campden Hill Road 


uid ASSISTANT LE 
Queen Elizabeth Colleg 
h it) 
URER IN APPLIED MECHANICS 
\ 11) 


idon) 


The Registrar, The Universit 
or CHEMIST) at Poole, Dorset 
ilture of bivalwe shellfish, under 

rot zoology, University of Southampton 
wistraty The Univer Southampton 

1h) 

RESEARCH ASSISTANT (non-medical or il graduate) 

vi healing by light and electron microscopy Prof, R. J 
my Department, The London Hospital Medical College 

London, (March 11! 

SISTANT LECTURER IN PHILOSOPHY nd an 
KAL AND POLITICAL PHILOSOPHY he Registrar, 
ye of North Staflordshir Keele, Staffs (March 14) 
SEARCH ASSISTANT (preferably with experience or an interest in 
rati endocrinology or hi istry) IN THE DEPARTMENT 
The Registrar, The Nottingham (Mareh 18) 
H STUDENTS (2) (suitably « lifled in zoology, biochemistry 

logy) in the Wellcome aby ‘ of Pharmacology 
Marine Laboratory, St i for work on thyroid 

and physiok lower Joint Clerk to the 

(March 18) 


Court, Coll t st. Andrews 
LECTURER and an ASSISTANT LECTURER IN PURE MATHEMATICS 
Appointments Committee of 


Friedlander, Secretary of the 
Mathematics, The University, Arts School, HBene’t 


to study 
Harrison 
rurner 


medi 


LECTURER 
University 


ASSISTANT 


microscopic techniques) 

he tegistrar, Manchester 1% 

CTURER IN CHEMISTRY (INORGANIC) 
Aberdeen (March 25) 
LECTURER or ASSISTANT 
mathematics) IN MATHEMATICS 
of North Staffordshire, Keele, 
PROFESSOR (with a higher degres 


The Secretary, The Univer 
LECTURER 

The 
Staffs 
preferably a doctorate 
experience in the fleld of animal husbandry) OF ANIMAI 
within the Faculty of Veterinary Science, University of 
The Secretary, Association of Universities of the British 
Gordon Square, London, W.C.1 (Australia and 


(qualified in pure or applied 
University College 


and with 
research 
HUSBANDRY 
Queensland 
Commonwealth, 36 
London, April 15) 

COMPUTER OFFICER IN THE 
ANALYSIS The Registrar, The 
No, CV/T 

DISTILLERS COMPANY RESFARCH STUDENT IN THE DEPARTMENT 
OF CHEMICAL ENGINEERING, for work leading to a higher degree on 
the kinetics of the gaseous oxidation of aromatic hydrocarbons 
The Secretary, University College, Gower Street, London, W.C.1 

HEAD OF THE DEPARTMENT OF SCIENCE, Grade IIl—The Principal, 
Loughborough College of Further Education, Greenclose Lane 
Loughborough 

PoOsST-DOCTORAL FELLOW IN THE CHEMISTRY OF THIOAROMATI: 
COMPOUNDS IN ACID SOLUTIONS; the research will involve organic 
chemistry and electron spin resonance spectroscopy-— Prof. J 
Shine, Texas Technological College, Lubbock, Texas, U.S.A 

SCIENTIFIC OFFICER (male or female, with an honours degree in 
science, pharmacy or biology), for duties consisting of technical work 
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gives to a man under 35 immediate life assurance 
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SOFNOLITE is a highly purified form of soda-lime, 
specially developed for gravimetric CO, analysis and 
contains a green/brown indicator. Being solid it can be 
packed in ordinary U-tubes, which are much easier to 
fill and weigh than, for example, potash bulbs. Another 
advantage is the distinct colour division between used 
and unused material along the tube. The end of absorp- 
tion is clearly observable, when the division stops 
moving. One tube of SOFNOLITE can be used several 
times without re-charging until exhausted. Gravimetric 
accuracy is high—results in many cases are better than 
those obtainable with caustic potash; we shall be glad 
to send experimental figures. SOFNOLITE can also absorb 
other acid gases, such as SO, or HCl. Please send for 
full details of this convenient, accurate and inexpensive 
absorbent to:— 


SOFNOL LTD 


WESTCOMBE HILL GREENWICH LONDON, S.E.10 
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APPOINTMENTS VACANT 


ROYAL NAVAL SCIENTIFIC 
SERVICE 
ADMIRALTY require SENIOR SCIENTIFIC 
OFFICERS ‘SCIENTIFIC OFFICERS at 
UNDERWATER WEAPONS ESTABLISH- 
MENT. PORTLAND, DORSET 
(Ref. C69 1A) 
(1) Mechanica! Engineer 
JVynamics with experience 
engine research and/or 
Minimum five years’ experience in cither expected 
Some experience in appropriate instrumentation 
ssential with design study work on components of 
ket systems or other propulsion gear Turbine 
design experience advantag 
(2) Mechanical Engineer with bias for one or 
more of (i) hydraulically operated mechanisms 
ser mtrol ; Gi) mechanics of machines 
theory and practice) (im) bhydro- (or acro-) 
ivr of fairly elementary character 
Hydrodynamicist (or acronautica!l engineer) 
some years experience for work on torpedo 


Specialized in thermo- 
in internal combustion 
rocket propulsion ficld 


ous 


(3) 
with 
ynam 

(4) Mechanical 
eve design and de 
Electr Design) 

nal research and 
acoustics) 

GOVERNMENT COMMUNICATIONS HO 

CHELTENHAM (Ref. A43/1A) 
ommunications) Mathemat 
Engineers (Electronics ‘Radar 
tions and Radio) 
NAVAL CONSTRUCTION RESEARCH 
ESTABLISHMENT, DUNFERMLINE 
Ref. CoO/1A) 
St tural and Mechanical Enginecrs 
| Physicists and Mathematicians, for teams en 
resear biems of ictura! strength, 
onal and nuclear weapons and 
structural materials. Excelient 
geod prospects for promotion 

ADMIRALTY COMPASS OBSERVATORY 
SLOUGH (Ref. D47/1A) 

trical or Mechanical Eng 
ested in gyro-techniques, ser 
Qualificati« for all posts first- or ynd-<« 
degree equivalent in appropriate 
t Mus ally born British 
ts of natural born British parents. Senior Scien 

Officers mt have had mum three years’ 
experience and be not less than 26 


E neinecrs (servo-mec han sms 
velop Electrical Engineers 

Mathematicians (Opera- 
theoretical physics) Physicist 


mics 


Mathemat 
str 


new 


rtumtes and 


Physicists 
hanisms or 


cers OF 
o-mec 
ne seu ass 
sub- 
t norm be natura sub- 
™m 
osteraduate 
age 
(A.) Senior Scientific Officer, £1,302 
Scientific Officer, £717 to £1,186. 
Senior Scientific Officer, £1,342 to 
£1,654: Scientific Officer, £ £1,222 
Appointments uncstablished (with F.S.S.U 
fits) but opportunities for those between 21 
12 w compete for established posts 
Forms from Ministry of Labour. Technical and 
Scientific Register (K), 26 King Street, London 
S.W.1, quoting 


appropriate reference and post 
UNIVERSITY OF MANCHESTER 
LEVERHULME RESEARCH FELLOWSHIPS 
IN RADIO-ASTRONOMY 

Applications ase invited from suitably qualified 
graduates for two Leverhulme Research Fellow- 
ships tenable for a period of three years The 
Fellowships will be awarded for research in some 
aspects of Radio-astronomy, using the Radio-tcle- 
scope at the University’s Nuffield Radio-astronomy 
Laboratories at Jodre!! Bank The value of the 
Fellowship will be not less than £1,050 per annum, 
with membership of the F.S.S.U 

Application forms may be obtained from the 
Registrar, the University, Manchester 13, to whom 
all applications should be sent not later than 
March 1961 


BRITISH PETROLEUM COMPANY 
vacancy for a Chemist at the 
Sunbury-on- Thames Applicants should 
an hon degree in chemistry and not be 
than 30 years of age A postgraduate train- 
ne is desirable with expericnce in the manipula- 
tion of electron spin nance equipment and 
nterpretation of the measurements Ihe job re 
mires interest in the application f electron 
spin resonance techniques to a variety of physico- 
hemical systems including, for example work with 
s linear accelerator on radiolysis of hydrocarbon 
and sulphur compounds Salary according to age 
qualifications and experience Non-contributory 
pension fund Housing scheme, luncheon club 
Removal expenses and settling-in allowance pay- 
in certain cases.——-Write, giving full details 
quoting reference H.5377, to Box 6542. c/o 
Hanway House, Clark's Place, E.C.2 
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Birds Eye Foods Limited require a Bacteri 
vacancy has been created duc to promotuon 
to the Quality Contro! Manager for the 
factory products ; he will be 
Laboratory work 


also 
nvited from graduates 
industry 
should be 
Yarmouth 


Applicat 
expericr 

Written 
Lid, South 


ns are 


tood 
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quoting 


cations 
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Bacteriologist 


hactcriological 
responsibe for the 


in bacteriology 
is an advantage 


vlogist at their Gt. Yarmouth factory The 
The successful candidate will be responsible 
and chemical control of all the 
Organization and supervision of 


Or microbiology and previous 


Eve Foods 


Manager 
24 


the Personne! Birds 


reference GDS 


AUSTRALIA 
NIVERSITY OF NEW SOUTH WALES | 
FACULTY OF MEDICINE 
TECHNICAL OFFICER IN 
MICROSCOPIC PATHOLOGY 
The tn applications for 
ment to the n of Technical Officer 
stablished School 
Salary £A.1.213 
Commencing salary 
1 experience Ap 
degree and or 

previous exper 

is desirable, though not 
clude establishment 
> ory tor the 

the research 

training and 

The successful 
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to join the 
s to Sydney 
and family 
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London 
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applicant duties as 
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State Superanr 
“ be 
Four (4) 
a recent 
re ferees sh 
for New S$ 


Scheme re 
t essful app t 
ypies of applications 
Photograph and the 
uld be x<iecd with the 
th Wales, Strand 
W.C.2, and a copy forwarded to the 
ments Section the Un 
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mail to reach there betore 


EGERTON AGRICULTURAI 


COLLEGE 
NJORO. KENYA 


are invite for the folk 


versity 
nsingtor 


Mar 


App wing ap 


pointments 


PRINCIPAL 


cations 


ants should possess a de 
n agriculture together 

wide experience appropri 
the appointment 

wm under ynsideration 


(a) 


Salary 
in an upward direction 
LECTURER IN AGRICULTURAL 
ECONOMICS 
RAL ENGIN- 
RVEYING 
possess a 

together 
mmen 


IN AGRICULTI 
EERING AND Slt 
Applicants for (b) and (c) should 
recognized appropriate university degrec 
with postgraduate work and experience 
with the appointment 
in each 
£60 to 


LECTURER 


surate 
Salary 
£1,440 by 


scale 

inder ¢ 
direct 
cent of salary 


n 
£1,860 
upward 
A gratuity of 13+ per 
for all posts on completion contract 
Free passages for appointee and tam 
pointment, leave retirement 
For application and further 
apply to 
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msideration in an 
is 
of 
ly on ap 
and 

forms particulars 
Commissioner 

East African Office, 

Grand Buildings 
Trafalgar Square 
London, W.C.2 


MANCHESTER COLLEGE OF 
SCIENCE AND TECHNOLOGY 
of Technology in the I of 
Manchester) 
RESEARCH FELLOWSHIPS 
Applications invited for the following 
Fellowships tenable the Department of Textile 
Chemistry cllow will be expected t 
work in the mecerned with the bonding ot 
fibres with have opportunity to 
develop such cross-linking of poly 
mers, the and the physica 
properties Stipend in the 
range £800 to Q rannum. (i) The purpose 
of the Fello x the inv gations 
made within the the fundamental 
mechanisms « Textil and the work 
likely include studies dyediffusion and the 
interchange of moisture between textile materia 
and steam Postgraduate research experience in 
Physic Chemistry her desirable and some 
acquaintance with be 
advantage Stipend £950 
annum 


(Faculty niversity 


are 
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est 
Departme 
Printing 


mt int 


in 
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an in the range £500 to 


per 


yOtaines 
ster, I, t 
returned by 


MANCHESTER COLLEGE OF 
SCIENCE AND TECHNOLOGY 
(Faculty of hn gy in the I 
hester) 

Applications are invited for a Senior I 

1 Industrial Design within the Division 
Engineering and Building in 
corresponding title and status in the University 
Manchester The pers nted will ex 
pected to assume resp bi r the new section 
dealing with Industria! Design under the general 
direction of Professor Denis Harper A new post 
graduate course and teaching for other de- 
partments in the Faculty be involved. App! 
cants should have had wdustrial experience 
in the field of design knowledge of 
ergonomics ild be Salary in the 
scale £1,975 by £75 to annum Super 
annuation under the F.S.S.1 t allowances 
Further particulars and form 

obtained from the Registrar 
of Science and Technology 
completed forms should 
March 18, 1961 
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THE BRITISH PETROLEUM COMPANY 
Limited has an immediate vacancy for a Female 
Patent Abstractor Searcher (age 25 to 35). Science 
degree with chemistry essential Knowledge 
French and or German and Technica! Abstracting 
desirable Five-day week luncheon club with 
Is. lunches non-contributory pension scheme 
excellent sports and social! facilities.—Applicants 
should write, stating agc, qualifications and experi- 
ence, quoting H.F.26 Box 4344, c/o Hanway 
House, Clark's Place 2 
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Birds Eye Foods Limited The 
improvement for existing products 


products Science graduates will 
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Application form and further details 
Eye Foods Limited, South Denes, G 
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RADIOLOGICAL 


The AUTHORITY HEALTH AND SAFETY BRANCH 

advises on the standards necessary to ensure protection 

{HARWELL| 
rom ionising radiations, and on the way in which the 
standards are to be applied to safety evaluation of 
reactors and plant 


in the RADIOLOGICAL PROTECTION 

DIVISION there are vacancies for the following 
(a) A PHYSICIST to lead a team assessing 
radiation dosimetry techniques and health 
physics instrument design and specification 


We urgently need suitably qualified men to carry out 

this programme, and can offer excellent opportunities 

to people with experience of radioactivity or 

of radiation measurement and dosimetry 
(b) A SCIENTIST to lead a team advising on 
the contro! of radiation and radioactive con- 
tamination, including monitoring and protective 
clothing 


(c) A TRAINING OFFICER to advise on radio- 


| RISLEY | logical protection syllabuses and the technica! 


content of training films, together with some 


lecturing 


(d) A SCIENTIST to lead a team assessing the 
environmental aspects of radioactive waste 
disposal 
(f) A SCIENTIST for work on 4 
health physics assessments associa- (e) A MATHEMATICIAN or Mathematica! 
Scientist to apply mathematical and computer 
techniques to radiobiological problems, e.g 
metabolism and radiation dosimetry of human 
tissues. 


ted with nuclear reactors with particular 
reference to reactor siting. 


Fosts (a)—(e) will be in the Principal Screntific Officer grade, and post 
(f) will be in the Senior Scientific Officer grade. Additional Scientists 
n the Senior Scientific Officer grade are needed 

Applicants should have a first- or good second-class Honours degree 
ond be 26 years of age or over, and have at least three years post- 
gracuate experience Salaries will be within the following scales 


£1,840 to £2,590 or £1,440 to £1,770 


Contributory Superannuation, Staff Housing Schemes. 


Please write for application form, quoting reference H.19 /.14 to: 


Administration Manager, U.K.A.E.A., Authority Health and Safety Branch, Harwell, Didcot, Berkshire 


UNIVERSITY OF BIRMINGHAM | CHELSEA COLLEGE OF SCIENCE} UNIVERSITY OF LEEDS 
DEPARTMENT OF | AND TECHNOLOGY OF AGRICULTURE 
cations are i d to O A 
> RESEARCH FELLOWSHIP IN BIOPHYSICS 
by ¢ to £1,850) or Assistant Lecturer (£800 by Applications are invited from graduates in the Applications are invited from graduates in agr 
£50 to £950) in the Department of Genetics. The 7 - oe es culture, agricultural science or pure science, pre- 
»pointment will be made from October 1, 1961 Physical or Biological Sciences for a Research ferably with hono f : 
Fellowship in Biophysics sponsored by the Nuffield | =appomiment as 
cartier, if possible, and will carry F.S.S.U. and | }BOC.M. Fellow, at a salary up to £750 per 
: . | Foundation and tenable in the Department of 
family allowance benefits Initial stipend will be > : annum according to age. qualifications and ex- 
Physics. It is expected that the Fellow appointed 
related to qualifications and experience | 4 > perience, together with expenses on the university 
if not already holding a higher degree, would 
Appiications = (three copies) naming = three | if P scale The Fellowship will be tenable for one 
ay 4K | reac a Ph.D. in Biophysics of the University 
referees, should be sent by March 31, 1961, to the w Londos Salary in the range £700 to £900 | ¥Cat in the first instance, renewable 
Assistant Registrar (Science), the University, Ede- tn exnerien Applications (three copies), stating date of birth 
baston, Birmingham, 15. from whom further par Be n qualifications and experience, together with th 
ticulars may be obtained 4 names of two referees, should reach the Protessor 
Further particulars may be obtained from the ~€ Agriculture, the University, Leed 2 (from 
Secretary, Chelsea College of Science and Techno- | ‘ po 
UNIVERSITY OF SHEFFIELD j logy. to whom applications should be forwarded ae Se baat may be obtained), not 
Applications are invited for the Chair of Physics. | within fourteen days of the appearance of this mtcr than March 4 . 
The person appointed will succeed Professor W. | advertisement ASSISTANT EXPERIMENTAL OFFICERS 
Sucksmith as Head of the Department in October, required at the National Vegetable Research 
1962. but will take up duties in the University TECHNICAL OFFICER REOUIRED FOR | Station, Wellesbourne, Warwick. for the follow 
on a date arranged to suit his convenience and | interesting work in the assay, identification and | ing Sections: Chemistry To work on chemica! 
that of the University, between October, 1961, | application of new cyclowon-produced isotopes to | physical and horticultural aspects of field experi 
and October, 1962 Salary in the range £3,200 | medical research Experience in counting tech- | ments on soils Physiology For growth and 
to £3,600 a vear, with FSS. Provision and | niques is necessary, and in spectrometry desirabic development studies of vegetable crops Weeds 
family allowance A grant towards removal ex- | but training will be given Qualifications, B.Sc For ecological work on weeds Qualifications 
penses will be made HNC... Grad Inst.P., or equivalent Salary, de- | Degree (science or horticulture) or equivalent 
Furtaecr particulars may be obtained from the | pending on age and experience. rising to £1,260 Salary in scale £578 per annum at age 21 to £983 
Registrar to whom applications (20 copies—one | plus London weighting Apply Director. Radio Contributory superannuation scheme Applica 
only from overseas candidates), should be sent by | therapeutic Research Unit, Hammersmith Hospital, | tions, with names of two referees, to Secretary by 
April 15, 1961 W.12 March 18, 1961 
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NATURE 


Central Electricity 
Generating Board 


Research and Development Department 


Berkeley Nuclear Laboratories 


DIVISION 


PHYSICS 


Applications are invited for a number of posts in the Physics 
Division of the Berkeley Nuclear Laboratories, Gloucestershire. 
Persons appointed will initially work in the following sections, 
although subsequent transfer between sections will be permissible, 
depending on the developing interests and abilities of the staff 
concerned, 


A. SOLID STATE PHYSICS 


lo study the fundamental processes of radiation damage and 


) 


other related effects in irradiated solids. X-ray and electron mic 


are avatilable 


RB. THEORETICAL PHYSICS 


lo study various theoretical problems of interest to the 
Laboratory, including reactor physics and the theory of radiation 
damage. 


REACTOR PHYSICS 


lo study experimental sub-critical reactor problems and experi- 
ments connected with the Board's reactor programme. [n view of 
he growing demand for reactor physicists. these posts are of 
considerable interest to young men with energy and ability. who 


wish to enter this field 


INSTRUMENTATION 


For work developing nuclear radiation detectors and other 
specialised nuclear instruments. Preference will be given to 
candidates who are capable of devising and developing new tech- 


scopy facilities 


nigues of measurement 


GRAPHITE 


lo study the fundamental mechanisms of irradiation damage in 
graphite and the corresponding changes of physical properties. [0 
issess the extent of irradiation damage of the graphite in the 


Board’s reactors 


@ Salaries up to £1,325 per annum will be fully commensurate 
with experience, ability and qualifications. 


The Board's salary scales for Scientific Staff rise to £2,395 
per annum. Opportunities for promotion are excellent and will 
depend entirely upon the contributions made by the successful 
candidates to the work of the Department 


Prefe ence will be given to candidates with a good honours degree 
They should be under 26 years of age 


Applications, stating age, qualifications, experience. present 
position and salary, and indicating section of interest, to the Appoint- 
ments Officer, 24/30 Holborn, London, E.C.1, by March 20. 
Envelopes should be marked “ Confidential Ref. N/73." 
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AFRICAN INSTITUTE 
OIL PALM RESEARCH 


NIGERIA 
Vacancies exist for agricultural specialist Ss 
Chemist: For the study and analysis of » ty px 
with a ew to my ving » nditions Car 
didates must ha inh deagree in chemistry 
atura t with at 
cast two ycars postera at xm tra 
4 is 4 r P Ph 2 t 
cw pre t and st 
gat f t g t r i 
Candwates mus iz t 
tany nat tat 
soStgraduate train r expe 
pliant 4 


ticulars { qualificanons and experience t 
Director of Recruitment, ( mal Office Londor 
Quote BCD.19° 199 016 Cl 


FOR 


UNIVERSITY OF MANCHESTER 

Applications are invited for the following posts 
now vacant in the Department f Chemistry in 
the Faculty of Science: (a) Lecturer ia Chemistry 
candidates should have special interest in statistica 
thermodynamics and be willing to teach this sub 
ject to third year and postgraduate students. (b) 
Assistant Lecturer in Chemistry ; candidates should 
have special interest in some branch of physica 
chemistry (c) Senior Research Assistant: candi- 
dates should have experience in polymer science 
and be willing to assist Professor Gee in the super 


physical chem 
temporary one 
but the forthe 
will offer good 
Salary 


by a grant from D.S.LR.., 
sion e department 

permanent posts 

fc). £1,050 to £1.850 per 


Applications should be sent not later than March 

7, 1961, to the Registrar, the University, Man 

hester 13. from whom f particulars and 


forms of application may be obtained 
QUEEN’S UNIVERSITY 


KINGSTON, ONTARIO, CANADA 
DE PARTMENT OF PHYSICS 


Applications are invited from experimental and 
theoretical physicists. for tw positions from 
September 1, 1961, in the Department of Physics 


Staff is being increased 1 l-time members 


New appointments ally become permanent 
after two years Duties w be primarily teaching 
undergraduate and graduate students, but funda- 
mental rescarch S$ expected nd encouraged 


udes experimenta 
physics, s d 
< New physics 
ved and will be constructed 
n the immediate future Salary and rank w 
depend upon « ns which should include a 
Ph_D. degree Teaching or research experience 
will be valued Positions will be in the ranks of 
Lecturer or Assistant Professor and within the 
salary range $6.600 to $8,500 per annum 

Applications and inquiries should be addressed 
to the head of the department 


Present research 
and theoretical 
state physics 
building has t 


UNIVERSITY OF BRITISH 
COLUMBIA 
PHYSICS 

Applications are invited for appointments to the 
teaching and research staff as well as for post- 
graduate fellowships and scholarships for the 
Session ymmencing in September, 1961 There 
are specific vacancies at the Assistant Professor 
level in Optical Spectroscopy, Meteorology and 
Low Energy Theoretica! Nuclear Physics. Appli- 
cations in other fields of physics will also be con- 
sidered 

Further information and a copy of an illustrated 
brochure describing the activities and facilities of 


the Department may be brained by writing to 
G. M. Shrum, Head, Department of Physics 
University of British Columbia, Vancouver 8 


from March 16 to nd will be pleased to 
arrange persona r ws Inguiries should be 
firected to B.C. House, | Lower Regent Sueet 
London, S.W.1 


BC. Professor Shrum expects to be in London 
a 


‘ 
cexeii 
S tw 24 months in the first instance Salaries in rah 
ale 21.392 to £2,358 per a Gratuity £140 
tor each npleted vear Outfit allow 
Free passages { ficer and wite and tor childre 
inder 18 ur st f adult passag 
Generous leave 
ADI tat briet par a5 
the 
try of f sa 
— une 
pport 
(a) and 
tial salary a 
and experience £800 1 £9 per a m 
Duties to commence as soon as possible Mcm- a5 
bership of F.SS.U and Children’s Allowance se 
* 
ed 
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UNIVERSITY OF MANCHESTER 
Applications are invited for the post of Lecturer 
¢ Assistant Lecturer in Anatomy with a specia 
interest in Experimental Neurology candidates 
should be medically qualified (with qualifications 
registrable in this country), and should possess a 
good knowledge of neuro-anatomy Good rr 
search facilities are available Salary scales: Lex 
turer, £1,500 to £2,275 ; Assistant Lecturer, £1,000 
Membership of F.S.S.U. and Children’s 
e Scheme initial salary according 
qualifications and experience Duties to commence 
possible 
s should be sent not later than 
1961, to the Registrar, the University, 
13, from whom further particulars 
forms of application may be obtained. Ove 
applicants should send letters of applicati 
first instance, giving full details of qualfh- 
and experience, and should submit the 
names of at least three persons to whom reference 
may be made 


SOUTH-WEST ESSEX TECHNICAI 


COLLEGE AND SCHOOL OF ART 
ROAD, WALTHAMSTOW, E.17 
Senior cturer in Physics required May |! 

1961. or 3 n as possible thereafter Appl 
ants should have an honours degree and suitable 

nd research experience Higher degrces 
on in Modern Atomic Physics are 
r ns The person ap 
part in teaching B.Sc 
ns) and Grad.Inst.P 
and il! ncouraged to undertake re- 
or which considerable tac 
Salary within scale £1 
ws £38 or £5 yndon 
by letter on no forms) to the 
n de { quabfic 
¢, together with three 
als or the names and addresses 


BRITISH COLUMBIA RESEARCH 
COUNCII 
BIOLOGICAL ENGINEER 
The British Cc 
applications 
Engineer There 


write 
chure describing the activities 


é training 
Trusse Head 
Research C 


ANIMAL NUTRITIONIST 


SILCOCKS, OF LIVERPOOL, applications 
‘a vacancy on their Research Staff for a first-class Animal Nutritionist 

paler ants should be in the thirties, and must have a good academic and 

practical training in Animal Nutrition and experience in the formulation of 
ons for farm livestock 


DUTIES 


The successful applicant will be directly responsibie to the Technical Director, 
ind will be required to 
Keep himself fully informed, through the study of current literauire 
ie and by personal contact with Research Centres, of the latest 
nformation on Animal Nutrition 
2 Assist he preparation of diets for different classes of stock, 
t recent knowledge of nutritional requirements 


fe Work with our Experimental Farms and Laboratories on the planning 


of feeding trials and the interpretation of results 


SALARY 


The starting salary will be a generous one in keeping with the applicant's 
qualifications and experience and the importance of the work involved The 
< rking and general facilities are excellent, and the post carries 
the benefits of the Company's excellent Pension Scheme 


PROMOTION 


This 1s a post ncreasing respon ity ar pportunities of considerable 


Promotion to the mght mar 


APPLICATIONS 

Applications, which will be treated in strict confidence, should be addressed 
to 

lechnical Director, R. Sileock & Sons Ltd., Stanley Hall, Edmund 
Street, Liverpool, 3. 


UNIVERSITY OF CAMBRIDGE 
SCHOOL OF AGRICULTURE 
Applications are wited for 


ty Demonstrator 


sing Street 


than March 31 


THE MOND NICKEL COMPANY LIMITED 


male or female 


ABSTRACTOR/ TECHNICAL WRITER 


to assist in the prepar: ) f atk covering metallurgical literature relevant to 
the Company's activit i concise, clear English is essential for the 
post, and a knowle and Fren ch desirable 

Application vir ful ietails. should be addressed to the General Manager 
Development 1 Researcn Department. The Mond Nickel Company Limited, Thames 
House, Millbar ndon, SW. Mark envelope “* Confidential M.10 


INSTITUTE or CANCER RESEARCH 
spita Technician Jumior h 


PROGRESSIVE PHARMACEUTICAL COMPANY 


own initiative 


applica 


and 


The post 


right man 


n the strictest 


Clement's Int 


=, 

Iw } cexeul 

— 

* 

f 

B gy and | gy Backer sining in 
Chemistry or Chemical Engineering with some ex- 
perience in b hemistry and bacteriology would 
- ea be desirable for the position in Biological Engin- 
on.) ecring The work w nclude the study of water 

adem quality, the design of systems for the treatment of 
ere ae ndustrial wastes, and the preparation technical 

Rene reports The British Columbia Research Council 

Sa s a non-profit applied research organization estab- 

a ees shed at the University of British Columbia. The 

Diane salary range for these positions is $6,500 to $8,500 

with the same pension a f ffect 
t the University 

tor an illustrated bro yous 

and research facilities 
ants should submit full information §re- 

Biology Division. B.C 

Wer 
include an honours degree in an appropriat 

ence Stipend: £900 by £50 to £1,150 Tenure 

the nost for a period of five vears An 

inh 

time fu at n \ rit ! tributs nay 

made towards the remova APCNSES su 

addresses of not mor than thre referees, should 

he sent to the Sccretary. Scho of Agriculture South Cheshire requires a Chemist (Hon. B.Sc. or A R.LC.) t OO 

ee Down, Cambndgc, to reach him not r supervision of a rescarch manager The duties would require the HEENt to 

ntcrest him 1a wide range problems connected with the development dill control 
te 
eee f pharmaceuticals including gical materia 
nical Off Experience nodern ar tics techniques dt sdvanta 
Chalfont St. Giles, Bucks. Previous experience | she 25 to 90 
genetics, cytology r hist wy desirabl Specia - ve 
scadem r technical qualificatior essentia 
Applicat which should submitted in full, will be rand 
advantage. Pe fidence. Write to Box No. 962. T. G. Scott and Son, | 
hin MRC. scales according t juaiification 
fee 32 Sumner Place. Lond sw by March 10 
quoting ref. 301 B S2 


NATURE 


CS.1.R.O. is by merit and may ultimately e 


AUSTRALIA 


COMMONWEALTH SCIENTIFIC AND INDUSTRIAL 


RESEARCH ORGANIZATION 


PHYSICAL CHEMIST 


ns Division of Coal Research, North Ryde, Sydaey, N.S.W.. invites 
tion of Physical Chemist from Honours graduates 
muistry for equivalent qualhfications) with postgraduate 

was-phase and gas-solid kinetics and intra-red 


required to initiate and carry out research concerned 
1 the mechanism of pyrolysis, oxidation and hydr 

s will be placed on novel physico-chemical meth 
tous available including apparatus tor \ infra-t 

m qualifications and experience within the ranges 


to £A.2.720 per annum 


be tA 180 per annum less than rresponding 


which the original appointment is made 
particulars f conditions t supplied n app 


ef Scientific Liaison Officer, Australian Scientific 
London, W.C.2 


(quoting Appointment N 480 3558). sh d be 


This Division is already 


synthetic fibres 


of existing ones 


be interested in this kind of work 
details of their qualifications and experience, to 


HEAVY ORGANIC 
CHEMICALS DIVISION 


a major producer of petroleum chemicals, 
providing raw materials for plastics, paints, synthetic rubbers and 
It has a large Research Department with an exten- 
sive programme of work on new and existing products 


this work it is seeking 


RESEARCH CHEMISTS 


Ihe problems to be tackled cover a wide range where 
knowledge of organic, inorganic and physical chemistry can be fully 
is scope for original work on polymerisation, 
oxidation, carbonylation, pyrolysis and catalysis as well as for the 


discovery of new reactions and for study of the underlying chemistry 


Men and women who have good honours degrees, and who would 


The Personnel Manager, 

Imperial Chemical Industries Limited, 
Heavy Organic Chemicals Division, 
Billingham, Co. Durham. 


are invited to write, giving brief 


quoting reference MB/RC/7. 
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UNIVERSITY COLLEGE OF 
GHANA 

FACULTY OF AGRICULTURE 

Applications are invited for 

() Lectureship or Assistant Lectureship with 
responsibility for teaching Animal Nutrition Ap- 
plicants should possess honours degree in chemistry 
or biochemistry or alternatively honours degree in 
agriculture followed by specialization in animal 
and human nutrition 

Gi) Semor Lectureship in Crop Production 
Candidates should preferably possess a higher de 
gree of an honours degree in agriculture or alter 
natively a higher degree in pure science subject 
and, in addition, considerable postgraduate exper- 
ence in some aspect of Tropical Crop Production 

Gi) Lectureship in Plant Pathology The suc- 
cessful applicant who preferably should have 
served in the tropics, should possess an honours 
degree in pure science with experience in the field 
f agriculture or alternatively an honours degree 
im agriculture with specialization in plant 
pathology 

Salary scales (under review) Senior Lecturer 
tG.1.700 by £G.75 to £G.2,150 per annum. Lec 
turer, £G.1.000 by £G.50 to £G.1,350 (har) by 
to £G.1,800 +G.1.850 per annum Assist 
ant Lecturer, £G.900 £G.950 per annum, entry 
point according to qualifications and experience 
PSS.U Outfit, family and other allowances 
Passages for appointee and family on appointment 
leave and normal termination Part-furnished ac- 
commodation at a charge not exceeding 7.5 per 
cent of salary 

Detailed applications (six copies), naming three 
referees, by March W. 1961, to Secretary, Inter 
University Counci! for Higher Education Overseas 
29 Woburn Square, London, W.C.1, from whom 
further particulars may be obtained 


UNIVERSITY OF MANCHESTER 
Applications are invited for the post of Experi 


mental Officer in the Department of Chemistry in 
the Faculty of Science Candidates should pre- 


ferably have experience of Quantitative work on the 


physical properties f polymers minimum 
academic qualification is the Higher National Cer- 
tificate ; the person appointed would be required 
to assist in research work in polymer science 
especially in connection with polymer characteriza- 
thon The post is at present temporary, but it is 
hoped that a permanent appointment will be avail- 
able later Salary range to £1,000 per 
annum: initial salary accordin: to qualifications 
and experience, and a lower starting salary could 
be offered if the sclected candidate had no pre- 
vious experience. Duties to commence as soon as 
possible 

Applications should be sent not later than 
March 7, 1961, to the Registrar, the University 
Manchester 13. from whom further particulars and 
forms of application may be obtained 


OLDCHURCH HOSPITAL 
ROMFORD, ESSEX 
(09 Beds) 
RADIOTHERAPY DEPARTMENT 
Senior Technician or Technician required for the 
above Department. Duties include Physics Work 
shop, Isotope Laboratory, Radium and Mould 
Room work Instrument or Physics Workshop 
experience essentia Salary £5°0 to £710 per 
annum ; senior grade, £710 to £905 per annum 
would be applicable to suitably qualified person 
Applications, quoting Ref. 17/39, giving full 
details, including age and experience. together with 
names of two referees and ‘or copy of testimomals 
to the Group Secretary, Romford H.M.C., Old- 
church Road. Romford 


UNIVERSITY COLLEGE OF 
SIERRA LEONE 
FOURAH BAY COLLEGE 

Applications are invited for a Lectureship in 
each of the following: Botany: interest in ecology 
or cryptogamic botany or applied botanical field 
(agriculture, forestry or horticulture) with interest 
in physiology of growth. Geography: an appoint 
ment on sccondment for one session or more 
considered. Zoology. Salary scale: £965 by £50 
to £1,415: £1,495 by £75 to £1,790 per annum 
entry point according to qualifications and experi- 
ence. Negotiations in progress for salary revision 
FP.S.S.U. Outfit and family allowances (maximum 
£300). Passages on appointment, annual leave 
and normal termination. Part-furnished accommo- 
dation at reasonable rent 

Detailed applications (six copies), naming three 
referees, by March 30, 1961, to Secretary, Inter- 
University Council for Higher Education Overseas 
29 Woburn Square, London, W.C.1, from whom 
further particulars may be obtained 
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FELLOWSHIPS FOR RESEARCH 
IN ELECTROCHEMISTRY 


A number of Fel! or Graduate Students | 
are being offered by the ectrochemistry Research 
Group of the Chemistry artment at the Uni- 


versity of Pennsylvania are open to com- 
peuuon trom students who can produce evidence 
of exceptional ability such as a first-class honours 


anion at Gea. te offers an interesting, well paid job with good prospects to suitably 
qualified men and women in congenial working conditions. 

re of molten electrolytes, and ad- 

tal-clectrolyte interface 

Philade!phia will be al o 

The research wo 1 be interest You will be dealing with inventions from the 

1c basis of a “$i whole world in your chosen subject. By its 

year, candidates must pass quali- very nature the work will inevitably maintain 


fying examinations of high standard in theoretical x ] 
chemistry before they are further considered for your knowledge of science and technology 
the research degrce niversity fees will be completely up to date and will give you 
ADL nn inside knowledge of new manufactures well 
4 yicants sho t ames alone 
Department of mistr hn Harrison Labora- ahead of the public at large 
tory of Chen niversi of Pennsylvania 
Philadelphia 4, Pa., before nil, 1961 


The training salary for the first two years is 
£793 and £824. On satisfactory completion 
FEDERAL GOVERNMENT OF NIGERIA the scale is £941-£1,719 by regular incre- 
DEPUTY DIRECTOR OF ments, but there is a jump in the scale to 
AGRICULTURAL RESEARCH £1,324 five years after entry, or only four or 
. even three in cases of special merit. Ap- 
equired for the Department of Agricul » “te 
tural Research, Moor Plantation. Ibadan. to proved postgraduate experience fetches a 
assist the Director of Agricultural Research higher starting’salary. One promotion only, 
in administrative duties. Candidates should of which prospects are excellent, raises your 
have yno fegree in natur? 7 
search experien ( tl of still higher posts up to £3,865 all filled 
ten years. Candids y n exclusively by promotions from entry grade. 
aptitude for directing research investigation 
preference w be given t 
a flair for administration It 


fap star aduate research degree qualifications Age 21-36 and first- or second-class honours 


an advantage degree in physics, chemistry, engineering or 
mathematics, or an equivalent such as 
A.R.I.C., A.Inst.P., or corporate membership 
of L.C.E., I.Me@h.E., or LE.E., or first- or 
second-class honours Diploma of Technology 


r one tou 


home lez yn full pay 

local t Quarters at low rent 

are conditions Location, London, five-day week. Annual 
publication, leave 44 rising to 6 weeks. Posts are per- 
f lifications and experi- manent and pensionable (non-contributory) 
e, to the Recr ment Attaché, Office of 
the High Commissioner for Nigeria, Nigcria 
House. 9 Northumberland Avenuc, London 
W.C.2. quoting B.14/1 Write or telephone for further information, or for a visit to the 
Patent Office to see the work, entirely without obligation. The 
intendi Staff), The Patent Offic - 
ST. ALBANS CITY MUSEUM Superintending Examiner (B )», ce, 25 South 


APPOINTMENT OF ASSISTANT CURATOR ampton Buildings, London, W.C.2. Telephone HOLBORN 8721. 
IN NATURAL HISTORY Ext. 324 
lications are vwited for the post of Assist- — so 
“urator in Natural History Applicants should 


NATIONAL INSTITUTE FOR UNIVERSITY OF ALBERTA 
RESEARCH IN DAIRYING DEPARTMENT OP CHEMISTRY 
TEACHING ASSISTANTSHIPS 
CUNIVERSITY OF READING) $2,200 to $2.700 for eight h 
| Chemical for work on qualified students proceeding to advanced degrees 
ations famili Nine hours per week of laboratory instruction 
cal Gov- cheese flavour Cand dates sh ruld - ‘4 required. Active research programmes in analyti- 
Further particulars | with clementary chen ical techniques and should | cal. inorganic, organic, physical and theoretica! 
ctor of Museums, _ chemistry Travel allowance 
level o subjec artung 
mS, givin illest details of education l thin range £450 10s {at 18) to £776 (at 
togct with the names of three n scale to £983; pension scheme ; five-day | Eqmonton, Alberta, Canada 
references wuld reach the undersigned by March 
31, 1961 ° to ee N.IL.R.D., Shinfield THE SCIENTIFIC CIVIL SERVICE NEEDS 
38 St Peter s Street, NIVE RSI I OF BIRMINGHAM Officers in mathematics, physics, 
St. Albans. DEPARTMENT OF GEOLOGY chemistry, metallurgy, biological sciences, engineer- 
Applications are invited for the post of Research | ing, miscellaneous (geology, library and technical 
UNIVERSITY OF LEEDS Fellow in the Department of Geology. Candidates | information services). Candidates must, on Decem 
DEPARTMENT OF INORGANIC AND will be considered without restriction as to their | ber 31, 1961, be at least 26 and normally under 
STRUCTURAL CHEMISTRY particular field of interest in geology. The stipend 31 for (a), and at least 18 and normally under 28 
Senior Research Assistant wanted as soon as | within the range of £800 to £900 per annum, will b Qualifications should normally include 
possible to join a team doing research in high | be related to qualifications and experience, and the $.C., or G.C_E., or equivalent, or H.N.C., a 
pressure chemistry, with some applications to geo- | appointment will carry F.S.S.U. and family allow- | University degree, or a Diploma in Technology 
chemistry. Appointment for one year, with possi- | ance benefits The appointment will date from | Provisional admission if taking examinations in 
bility of extension A preference will be given | October 1, 1961 1961 London salary scale (a) £1,117 to £1,376 
to applicants who have done research in the field Applications (three copies), with the names of | (b) £465 10s. (at 18) to £826 (26 or over) rising 
of high pressure geochemistry three referees, should be sent before March 31. | to £1,009. Promotion prospects. Further educa 
Applications should be sent direct to Dr. R. S. | 1961. to the Registrar, the University, Edgbaston, | tion facilities —Write Civil Service Commission. 
Bradicy, Department of Inorganic and Structural! | Birmingham 15, from whom further particulars | 17 North Audiey Street, London, W.1, for applica- 
Chemistry, the University, Leeds, 2, England may be obtained tion form, quoting S8/94-95/61 
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ESSEX 
IECHNICAI 

SCHOOL OF ART 

MARKET ROAD, CHELMSFORD 
nvited for the following new 

nbder 1961 


DEPARTMENT 


MID-ESSEX COLLEGE AND 


Sen Stry to teach up t 
WNC Jearce level and 
resp at th Chem 

try rent Applicants 
t d mically and should 
hav and research r 
ndustria 

2 i tea pto 
RS Gencral) degree and Sandwich 


UNIVERSITY COLLEGE 
NORTH STAFFORDSHIRI 


Imperial Chemica 
nable at the I 


niversity 


Registrar Univer vy Stafford 
hire. K Statis, from whom further inquirie 
ay be made, not later than March 31, 1961 


UNIVERSITY 
DEPARTMENT 


OF HULI 
MATHEMATICS 


LECTURESHIP IN APPLIED MATHEMATICS 
LECTURESHIP OR ASSISTANT 
LECTURESHIP IN PURE MATHEMATICS 


LECTURESHIP OR ASSISTANT 
LECTURESHIP IN PURE OR APPLIED 
MATHEMATICS 
ir 1 for the posts 
1961 Salary ecturer 


above 


ned from the 


undersigned to whom applications (cight copies) 


sh I be submitted by March 29. 1961 
W. D. CRAIG 
Registrar 
NATIONAL INSTITUTE FOR 


RESEARCH IN 
(UNIVERSITY OF 


DAIRYING 
READING) 


Assistant Experimental Officer required in 
physics department to assist in studies of physica 
properties of dairy products—butter and cheese 
ct be required to Struct and 


modify experimental testing juipment in the de 
partment workshop and kil n sing a lath 
would be advantageou Candidates should 
p s HNC f pass deer wv if under 22 
ace A leve eq alent. Starting salary 
within range £450 10s. (at 18) to £776 (at 26) in 
sca to £983 pension scheme 

Apply naming two referees to Secretary 
N.LR_D., Shinficld, Reading Quote ref. 61/4 


MEMORIAL UNIVERSITY OF 
NEWFOUNDLAND 

ST. JOHN'S, NEWFOUNDLAND CANADA 
ations are 1 for the 
fessor of Bi ey with 
embryology and h 
with background and experience in 
will receive preference Ph.D. or 
alent essentia Duties beginning September 
to include teaching and research. The start- 
salary will be based on qualifications and ex- 


nvite posinon Assist 
specianzation n 


stology 


Applications, accompanied by complete curricu- 
lum vitae and the names of three references 
should be addressed to the Head. Department of 


ology, Memorial University of Newfoundland 
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THE 


TECHNICAL EDITOR 


REED PAPER GROUP 


has a vacancy for a 


arch and Development Departa nts in th rear 


ver the editing of reports writ by tech rs ne 


ry. the act 


ia writing tech al report ive n requisit 
The work w 


ting ademic Qualifications and reer la ™ 


The Group Personnel Officer 


Albert E. Reed & Co. Ltd. 
Larkfield, Nr. Maidstone, Kent 
PDDD 


ting reference TE 
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[Mullard 
SA 


INORGANIC and | 
PHYSICAL CHEMISTS | 


to jorn teams doin 


compounds crystal 


Applicants shoulc 
re mM graduate 
Applica qu 


The work is extr 


D RESEARCH LABORATORIES 


SOLID STATE PHYSICS DIVISION 


have vacancies 


solid 
deposition 


research in the 
vapour 


basic 


growth by 


Stat Topics 
n. and magn 


ingle crystals 


and its 


1 have a first- or second-<lass honours deer I he a peninas 
Ss and tor experienced research chemis 
wing ref. KH 2, to 

Mr. G. A. Taylor, 


Mullard Research Laboratories. 
Cross Oak Lane, Salfords, ar. Redhill, Surrey. 


rranic 


APD 


UNIVERSITY ¢ 
KING'S Cé 
NEWCASTLE t 


UNIVERSITY OF BIRMINGHAM 
TEMPORARY LECTURESHIPS IN PURE 
MATHEMATICS 


)F DURHAM | 
1LLEGE 
PON TYNE 


Applications are invited for a Fellowship or Re- | Applications are wited for three posts of 
Associateship in the Department of Temporary Lecturer (stipend within the range 
stry The applicant should possess a Ph D £1.050 to £1,550) or Temporary Assistant Lecturer 
equivalent qualification in biochemistry of | (£800 to £950) in the Department Pure Mathe 
chemistry The work will be concerned | matics Stipends will be related to qualifications 
various aspects of the structure and function and experience and the appointments will be for 
nucleotides in micro-organisms, sugar biosyn- a period ft one ” two years and may carry 
w bacterial cell walls The salary will be F.S.S.U. and family allowance benefits 
the ranee of £800 to £1,000 per annum Applications (three ¢ Ss). with names of three 
with membership of F.S.S.U. if required by March 31, 1961, to the 
ations, which should include the name | ec), the University, Edg 
east one referee. should be sent to the |} from whom further par- 
ssor of Organic Chemistry, King’s College d 
astie upon Tyn 
APPLICATIONS ARE INVITED FOR A 
NIVERSITY COLLEGE LONDON, GOWER | post of Research Assistant in nnection with a 
W.C.l Applications are invited for the grant awarded by the Nature ymservancy to the 
ng posts in the Department of Botany British Phycological Socicty to enable work to 
$ to commence October 1, 1961 (1) Lecturer be carried out on the preparation of a new Flora 
robiolory alary £1,050 to £1,850 plus £60 | of British Marine Alga Principally the Rhodo- 
n allowan Interest in structure or | phyta volume of this F 4 The maximum salary 
s of bacteria or viruses. (2) Assistant Lec- | will be £700 per annum, together with F.S.S.t 
n Plant Ecology. Salary £800 to £950 plus | The post will be tenable year by year for three 
yidon allowance F.S.S.U. and family | years.—Applications, stating age, academic qualifi- 
allowance for both posts Applications should be | cations and experience, together with the names 
by April 15 to the Secretary, from whom | of two referees, should be received by the 
further particulars may be obtained Registrar, the University, Liverpool, 3 


Ant 
Posts R 
eed 
none of the R 
rs | backer data and mater t 
ceeree, with research or industrial experience, and woes t st A very high stand wil ay 
he able to teach a branch of Applied Phy wig 
ferably High Vecuun Technoioes Exper ‘ tial and candidates (these may be of cither sex) should hold a 
Salaries in a rda with th 1959 Rurnham leares rhave ar ant technical backeround Pres exp n abstra 
Report Sen Lecturers, £1.550 by £50 (4) t non and information work would t an advantaxc The app tr tw be tenable at at 
Lecturers, £1,370 by £35 (4) and one fina Aviesfor near Maidstone 1 Kent 
£40 1 aX tl 0 Ex nditions of service include assistance with house purchase and nor 
Part rs a m f application (to be re tributory Pension Fund ay 
turned in fourteen days), from the Clerk to the gh 
| 
App é 
North Staffordsh I may | 
t awarde for the purpose of carrying yut | 4 
riginal research 1 chemistry or pl Ss. for a] 
per 1 not xceeding thre« rs App ants 
Should preferably hold the fegreec f PhD = ae 
have equivalent research experience - 
tpend w depend up aa jualifications and | ae 
i toecther with FSS! refits | 
| 
Applications (two copies), stating age, details of | ta 
ec at weer and q ‘ tice put ations 
‘ thine € prot rch, together | 
| 
i 
d other oxides 
£800 to £950 per annum, with placing according e 
to fications and experience: and cmely varicd chemical aspects are becoming ever more 
family allowances impor | va 
| 
= 
| 
| 
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UNIVERSITY COLLEGE OF 


GHANA 
Applications are invited for (a) 
(b) Assistant Lectureship in Zoo 
given to candidates with 
cytology and xg invertebrate 
Salary scales (un (a) £G 
& £G.1,3 5 to 
£G.1.850 per ar 
annum Entry 
and expcrience 
other allowan 


Lectureship or 
Preference 
interests in 
70ology 
1.000 by 
£G.1,800 
iG 

qualifi 
Outht, family 
appointee 
termina- 


ey 


specia 


50 
avons 


and 
norrmai 
three 


Inter 
ym Overseas 


naming 


cretary 


ym whom 


COLLEGI 
LONDON) 


BIRKBECK 
(UNIVERSITY 


aire 


cs sh 
Birkbeck ¢ 


all 


| POSSESSING a 


UNIVERSITY COLLEGE 
NORTH STAFFORDSHIRI 


Applications are invited 
Assistant Lec 
uld be q 
cs Th pp 
1°61 Salary 
to £1.8 
per annum 
and ch ldre 


1800 by 
with 


| Secretary the acaulay 
| search, Craigiebuckler 
| should be 


UNIVERSITY SI 


Applicat 
Assistant in 
Andrews. Candidate 
mn mathematics 
the analysis of 
animals The suc 
for a higher 
annum according 
f three 

Applications 
Should be lodged 
with the Joint 
College Gate. St 


OF 


ANDREWS 


the post of 


are VV 


system 
candidate may rez 
cale up to £750 per 
appointment 


deerce 
nS 
years in e fir tance 
with 

not 
Clerk 


referees 
13, 1961 
niversity Court 


three 


INSTITUTE OF CHILD HEALTH 
(UNIVERSITY OF LONDON) 

Applications are invited for the post of Senior 
Technician (Whitley Scales) to assist in work on 
lung function Applicants should have had ex- 
perience in a physiological laboratory 

Apply to the Secretary, Institute of 
Health, The Hospital for Sick Children 
Ormond Street. W.C.1 


Child 
Great 


ASSISTANT WANTED AT 
spital to he!p with current re 
Project connected 
matoid person appointed 
dire Mogist under- 
£1,000 per 
Inquiries and 
experience and the 
Pathologist, Stoke 
Bucks 


RESEARCH 
Stoke Mand 
search on 
with 
would work 
taking the 
annum 
appli 
names of 


Mandeville 


details of 
referees, to the 
Aylesbury 


ations 
two 
Hospital! 


LABORATORY 
requires Assist 
team studying 
corrosion ot 


NATIONAL CHEMICAL 
(D.S.1.R.), Teddington, Middlesex 
ant Experimental Officer to join 
influc nce of micro-organisms on 
metals, particularly in Should be microbiolo- 
gist with experience in isolation and maintenance 
of pure bacterial c Experience in bio- 
chemical techniques ¢ sus. Work involves 
fundamental investigatio laboratory and prac- 
tical application in the field. Qualifications: Over 
age 22, pass degree or H.N.C. in appropriate sub- 
ject expected, with interest in biological subjects 
Salary range: £680 (age 22) to £841 (age 26) to 
£1,023.—-Forms from Ministry of Labour, Techni- 
cal and Scientific Register (K). 26 King Street, 
London, S.W.1. Quoting G.46/1A. Closing date 
March 18, 1961 


NATURE 


SOUTH-WEST ESSEX TECHNICAL 
COLLEGE AND SCHOOL OF ART 
FOREST ROAD, WALTHAMSTOW, E.17 
Senior Lecturer in Applied Biochemistry required 
a$ soon as possibile The person appointed will be 
responsible for the teaching of Biochemistry and 
related subjects, Paper Chromatography, Low and 
High Voltage Paper Electrophoresis, and Vapour 
Phase Chromatography H.N.C B.Sc and 
Grad.R.I.C. students and Laboratory Tech- 
purses as in the Special and Post 
Experience in the ficld of nucleic 
emistry, enzyme chemistry, or radioactive 
hniques, or interest in ciectronic instru- 
added recommendation Candi- 
qualifications 
provide 
research 
and fundamental research 
Salary within scale £1,550 to 
annum, plus £38 or £51 Londo 
pply by letter only (no forms) to the 
vernors, giving details of 
and experience, together with 
the names and addresses 


urses 


S an 


and 


onsiderabie 


experience 


ty C 


nials or 


INSTITUTE FOR 
RESEARCH 

male graduates 
honours deerce 
as the prin 
Officer in th 


MACAULAY 
Soll 


Applicat ons are 
first- 


invited from 
or second-class 
with physica! or inorganic chemistry 
pal subject, for the post of Scientifi 
Department of Px logy he work will involve 
investigations upon format processes witt 
a physico-chemica The salary will be withir 
the range £710 rding to 
cations and experience Superanr 
PSS.U 
Forms of app 
N 


yna 


may be obtained from th 

Institute for Soil Re 
Aberdeen, to whom they 
March 31, 1961 


ation 


before 


MEMORIAL UNIVERSITY 
NEWFOUNDLAND 
JOHN'S, NEWFOUNDLAND, CANADA 
nvited for the position Assist 

gy with specializavion in 

Candidates with background 

in marine biology will receive pre- 

or equivalent essentia Duties be 

September, 1961, to include tca nd 


returned 


OF 


ST 


ching an 


accompanied by complete 
ilum vitae and the names of three references 
be addressed to the Head, Department of 
Memorial University of Newfoundland 


cations 


LOUGHBOROUGH COLLEGE OF 


TECHNOLOGY 
LEICESTERSHIRE 
EDUCATION AND INDUSTRIAL 
FITNESS DEPARTMENT 
RESEARCH APPOINTMENTS FROM 
SEPTEMBER, 196! 
qualified persons are invite: 
f the following fields 
ed Physiology 
pometry 
Industrial Recreation 
Physical Education 
ntments are available 
subject to 
Scholar, value 


PHYSICAL 


Suitably 
take work 


for two years 
either as 
£350 to £500 per 


payment tor 


Two 
nitially 


apm 


review 


£520 to £1,000 
superannuation 


from Academ 


per 

annum, with 

Further particulars 
quote Ref. 3/AF 


UNIVERSITY OF BRISTOL 
DEPARTMENT OF PHYSICAL AND 
INORGANIC CHEMISTRY 
BRITISH TITAN PRODUCTS POST- 
DOCTORAL RESEARCH FELLOWSHIP 

Applications are invited for a post-doctoral 
Fellowship for research on photo-adsorption and 
photo-catalysis at titanium oxide surfaces The ap- 
pointment w date from October, 1961, and will 

a period of one year in the first instan 
possibility of extension for a second year 
The successful applicant will work in collaboration 
with Dr. F. S. Stone and the value of the Fellow- 
ship will be in the range £700 to £800. according 
to age and experience 

Applications, giving full academic qualifications 
details of research experience, and the names of 
two referees, should be sent to the Registrar, the 
University, Bristol 8, England 


Registrar 


COXCVII 


| SOUTH-EAST ESSEX TECHNICAL 


COLLEGE 
LONGBRIDGE ROAD, DAGENHAM 

Required in September A Senior Lecturer in 
| Chem stry, to cialize in Inorganic or Physical 
| Chemistry degree, or equivalent, 
} essential ropriate teaching experience 
1.R.1.C. and B.Sc. General 
experience and/or 
desirable Salary 
annum plus London 

noum) 
further part 


Clerk to the nors at the ¢ ere 


NATIONAL INSTITUTE FOR 


RESEARCH IN DAIRYING 
(UNIVERSITY OF READING) 
Scientific Officer with good honours degree in 
biochemistry chemistry and with particular 
nterest in lipid metabolism required to investigate 
the interrelationship between stcro! and fatty acid 
metabolism 1 animals Appointment for three 

ary commensurate with age and - 
in the per annum 
Facilities exist for registrauon for higher 


culars trom 


scale £71 


naming two. referees to Secretary 


ABERDEEN 
CHEMISTRY 


UNIVERSITY OF 
DEPARTMENT OF 


and rem 
Univer 
) ations (eight copics) 
er than March 25, 1961 
British Isies may submit one 


tary th sity, 


t 


LONDON 

OF THE CHEST 
renera experience 
y Laboratory, to 

nents of fungi in re- 
Salary on Whitley 


UN@*VERSITY OF 
INSTITUTE OF DISEASES 
Laboratory Technicia with 


yuncil s 
Apply seases of the 


retary. Institute of D 
Chest, I n 


S.W 3 


NUMBER 


expansion 


AEON LABORATORIES HAVE 
lt of further 

h pr the field of 

vacanc graduate 

applicat 


in 


microsco ons to 
electron metallo- 
studies of ferrous materials, or in 
advanced projects sintered metal compacts 

| (c) Research Assistants for the peration of instru- 
ments requiring delicate manipulation and for 
cation of standard techniques and devel- 
pment of new several interesting re- 
search ts of elementary 
interest in 

metals and 

a great advan- 


Metallurgists 


interested in 
graphic i f 


app 
ones in 
A sound grasp 
physics required and an 
crystallography structure of 
techniques would be 
skilled in the preparation of 
microscopy. and particu 
n microtomy are required 
cancies (a) and (b) should have 
or equivalent qualifications 


sts 


electron 


4 
(A Inst P 
For vacanci 
possess ON LC 
Metallurgy. or 
Chemistry and 

All the posts are open to r 1” women The 
prospects in this expar g organization are cx- 
cellent for those with real ability ; the salaries are 
high, and working conditions pleasant Pension 
scheme Five-day Apply Aeon Labora- 
Beech Hill, Ridgemead, Englefield Green, 
Surrey 


(d) applicants should 
pplicd Physics or 
GCE in Physics 


Matt 


tones 
Egham 


CHEMICAL RESEARCH ASSISTANT /TECH- 
nician, preferably with experience of stcroid chem- 
istry, to work with team investigating aspects of 
chemical endocrinology in relation to human 
biology and genetics Apply. giving two referees, 
Dr. J. M. Tanner, Institute of Child Health, Great 
Ormond Street, W.C.1 Closing date March 10 


BEDFORD COLLEGE (UNIVERSITY OF 
London), Regent's Park, N.W.1 Applications are 
invited for the post of Laboratory Technician in 
the Department of Chemistry Relevant experi- 
ence desirable. Salary according to qualifications 
and experience Apply the Secretary 


: 

family 
not exceeding S per cent of sa 
Detailed applications (ix copie 
referees, by March WW. 1961, to 
University Council for Higher Educat 
29 Woburn Square, London, W.C.1, 
further particulars may be obtained 
Applicat ted for t wing posts: | 
iat rie Assistant Lecturer or Lecturer in Statistics Assist- | 
amt Lecturer in Psych gy Assistant Lecturer in | refer 
Zooloev. Salary scales: Lecturer, 2S | 
We ares to £1,400 by £75 to £1,550 (efficiency bar) £1,625 degr 
by £75 to £1,850 per annum Assistant Lecturer 
ce Pee £800 by £50 to £950 per annum. London allow National Institute for Research in Dairying, Shin- 
$a vi ance of £60 per annum is payable in addition in | field. Reading. Qu reference 61/7 
both grades 
Secretary Malet Street. W.C.1 
= e Closing dat mi applications March IS, 196! App t vited for the post of Lecturer 
n Chemistry (Inorganic) Salary £1,050 to £1,840 
with a ord ne to t xpcri- 
ence. F.S.S.U., childs 
allowance 
ee he post Lecturer Particulars from. tt 
‘ Mathematics Appiicants Aberdeen, with wh 
re or Applied Mathe should not 
start from October Applicants outside the 
£50 to £1.40 py 
tur FSS.U 
| 
Apr i reach the Registrar, the | 
College. Keele, Staffs, from whom further par- | 
ticulars and application forms may be obtained, | 
not later than March 25, 1961 | ant 
| 
for Research | fer 
Marine Laboratory, St. | — 
ee should be suitably qualified | rese 
s or z y for work on Ap f 
| 
shou 
Bio 
(d) 
| 
Wy 
= 
& 4 | 
= 


UNIVERSITY OF LONDON | 
INSTITUTE OF DISEASES Of THE CHEST 
ted fron Biolok 


are 


NATURE 


STOKE MANDEVILLE HOSPITAL 
AYLESBURY 

Assistant Biochemist required in the Area Patho- 
vgy Laboratory based at the above Hospital. Ap- 
cants should possess first or second-class 
degree in chemistry or tochemistry, of 
Whitley Council conditions of service 

£925 to £1,150 per annu after (for new 


| entrants only) a probationary period. The post 


UNITED KINGDOM TECHNICAL 
ASSISTANCE 

ADVISER ON SCIENTIFIC PUBLICITY 
equired by the MINISTRY OF ECONOMIC 
DE VE LOPMENT OF THE GOVERNMENT OF 

THE FEDERATION OF NIGERIA 

Applicants nould either be Journalists with 
ome Scientific qualifications or Scientists with a 
irnalism Salary £2.500 per annum 
ywances of £1,730 (married) or 
and a wances for dependent 
furnished accommodation s 
per cent of bas hotel bills re 
emoluments paid by the British 
Duration two tours of fifteen 


nformation : application form 
(E9), 26-28 King 
EX NTA/NIG 


MOREDUN INSTITUTE 
EDINBURGH 


research 


ABORATORY SUPERVISOR 
(PHYSICIST) 
Appli- 


untment may 


MEDICAL RESEARCH COUNCIL 
quire a Scientist for work ? radiation 1 
mutations in t yulat Resear 
per ein m y hemistry essen 
Starting salary £1.24 


to 


offers a wide variety of experience in a well- 
equipped and pleasant laboratory 

Applications, giving ful! details of qualifications, 
etc., together with names of two referees, to be 
forwarded to the Administrative Officer as soon 
as possible 


BRITISH PAPER AND BOARD 
INDUSTRY 
RESEARCH ASSOCIATION 

MATHEMATICIAN with honours dearee and 
preferably research experi- 
ence required to join a 
fundamental research team 
working on the geometrical 
mechanical properties 
random fibrous networks 

Apply to the Direct DHP), B.P.AB.L.R.A 
Welcomes Road, Kenley, 
Surrey 


BEDFORD COLLIE Gt 
(UNIVERSITY OF LONDON) 
REGENT'S PARK, N.W.1 
ouncil invites applications from Honours 
a Lectureship in Physics, vacant 
Open to men and women 
£1,050 to £1,850 ; plus £60 per annum 
wance Initial salary according to 
and = experience Closing date for 
April 15. 1961 
iiars from the Sccretary 


RESEARCH ASSISTANT WITH B.SC. DE 
‘ with 


£665 to £800 per 
“ ng, to the Secretar 


St Barth mew's 


1EC.1 


CHEMIST AND BACTERIOLOGIST (male), 
nt Processing Organ- 
Wide exper'- 

al bacteriology 

reference to 

and animal 

protein feeding 

must have a 

an and anima 

ntrol research 

s and to advise 

te 


ca 
and Son, Ltd Clement's Inn 


PHYSICS GRADUATE REQUIRED AS 
Library Assistant for Encyclopaedia 
Aritannica ’ to answer from library sources 

t physics and technical subjects re- 
bscribers Applications (in ha 


March 4, 1961 


COMMONWEALTH BUREAU OF PAS 
tures and Field Crops, Huricy, Berkshire, requires 
Scienufic Assistant (abstractor) with degree in agri- 
culture or natural science, and a knowledge of 
anguages. Salary in scale £717 to £1,822. Age, 
qualifications and experience considered when 
fixing starting salary Superannuation.—For 
further details and application form apply to 
Director 


LECTURES AND COURSES 


BRADFORD INSTITUTE OF 
TECHNOLOGY 
DEPARTMENT OF CHEMICAL 
ENGINEERING 
Short Advanced Course 
“WATER USAGE” 

Organizing Lecturer: V.C. Marshall, 
M.I.Chem.E 
Thursday and Friday, March 23 and 24 
For details app y to the Ree strar, Bradford 


Institute Te y. Bradford, 
(Tel. Bradford 28837). 


LANCHESTER COLLEGE OF 
TECHNOLOGY 
COVENTRY 
COURSE ON DEVELOPMENTS IN 
ORGANO-METALLIC CHEMISTRY 
course d on Thursday 
March | ar 7, 1961 
include Dr Chatt (1.C.1 
(Dunlop Research 
“1. Ltd., Nobel 
Division), W. Gerrard (Northern Polytechnic) 
and Dr. Ef Research Institute) 
Course fee 2 inthe details and appli 
ation forms fro 3 ad of the Chemistry 
Department 


UNIVERSITY OF LONDON 

ST. BARTHOLOMEW’S HOSPITAL MEDICAL 

COLLEGE 

MIDDLESEX HOSPITAL MEDICAL SCHOOL 

COURSE FOR MSC. DEGREE IN 
RADIATION PHYSICS 

urse for this degree wil 

1961, in the above schools 

The yurse, which normally 


yndon physics 

iss honours may 

require only <« s designed as a ful 
time course for suitable graduates but those work- 
ing with radiations in medicine and industry may 
be accepted as part-time s ents attending not 
less than six hour t The D.S.LR. has 
accepted this suitable for the 
tenure i Ivanced yur Studentships. A 
small numt rf l-time studentships of £400 
per annum plus for suitably quali- 
30 guineas per year 

apply to Pro 

w's Hospita 


Field, Encyclopaedia Britannica | London or t f E. Roberts 


Great Russell Street, London, W.C.1 


| Middlesex Hospital 


““E.R.L.”” RUBBER HOLDERS 
| FOR TEST TUBES, AMPOULES, etc. 


Made in S sizes, either in black, synthetic 
or softer red organic rubber ; price 20 - 
each 


ESCO (RUBBER) LTD. 


3436 Somerford Grove, London, N.16 


**GURR’S” 


and refuse any other. 


136-138 NEW KINGS ROAD, 


is the Registered Trade Mark of 
GEORGE T. GURR LTD. 
Since 1915 *"GURR’S” brand of MICROSCOPICAL STAINS and 
Reagents has become world-famous. 
if you want this world-famous brand specify “GURR'S” 


Ask for cotologues 
GEORGE T. GURR LTD. 


LONDON, 


GLASSWORKERS' 


STRAIN-VIEWING 
POLARISCOPE 


Full wave retardation analyser 
for £800 A gives most sensitive 
colour indication of strain 
Field and sight aperture 1+ 
dia. Dimensions 64” 54” 
Price : £11 16s. 6d. 

As above but without coloar 
analyser showing strains against 
black field. Price: £5 Se, @d. 

Immediate Delivery. 


H. S. B. MEAKIN, LTD., 36, Victoria Street, S.W.! 
SUPPLIERS OF POLAROID PLASTIC and GLASS 


Tel. : Abbey 6713 


| 
t assist in Clinical Immur ay Laboratory in bes 
rese h to np f fungi in relation w | 
t an d se Post surtat graduate wishing 
| tw PhD Imn gical experience 
not tial. Salary on University scale es prs 
Diseases of the Chest, Brompton, London 
| 
f 
| 
| 
m 
writ to Minis 
Street, London | 
Octobe 
October 
Physiologist for ME apt nt. Wide | Salary s Beate 
hoice f interest including neurophysiology of | London mis 
sheep. Good degree in physiology or M_R.C.V.S. | qualifi a 
with postgraduate research exper Salary ac- | app , ee 
ling to age and qualifications within Senior Fu tM | 
fic Officer / Principal Scientific Officer rane | —— 
Apply writing the Secretary Animal! | ef 
Diseases Research Association, Moredun Institut | chen y a s requir for Medica me 
Gilmerton. Edinburst ) Professorial Unit to undertake work in the field Be tes 
liary metabolism. Salary on the | 
| annum Applications, in — 
Medical Cottere ot | ag 
are 
I Hospital, West Smithficld, | 
le to supervise technical staff and assume aes 
ty for maintenance of stock and eck 
I Laboratories ar and extensive, and 
ppointment pr fes a first-class oppor- | xt Is tw years. W prise 
tunity ectures and pract work in nuclear physics ond deity: 
Apply writing to the Bursar, Bryanston 
1 School, Blandford, Dorsct, from whom 
further particulars of the <a 
} assuran and schen veratior 
nd a car will be wided Starting salar 3 
RE 48. T. G. Scott aa 
ed london. WC.2 
—- 
; details of qualifications and experience, and the ay 
: names of two referees t Adn trator. Radio- Sm 
. Harwell, Berks, as soon as possible | Limited, 6 ie 
= 
wit 
j 
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UNIVERSITY COLLEGE OF 
TRADE ANNOUNCEMENTS. NORTH STAFFORDSHIRE 


BRIGHT’S REMOTE COLD CONTROLLED | UNIVERSITY COLLEGI Applications are invited for Research Student- 

Microtome (cryostat) custom built for producing | LONDON ships for the Session 1961-62 These studentships 
sections for rapid diagnostic the value of £340 per annum are tenable for 

nformation on request to Breht’s Retrig Gower Street, W.C.1 one year in the first instance, with possible exten- 

tor Service Ltd., 399 Portobello Road, London, sion for a second year Research Studentships 
W.10 LADbroke 4153 DEPARTMENT OF CHEMICAL may be awarded in any of the following subjects 

ENGINEERING Mathematics, Physics, Chemistry, Biology. Geo- 


logy, Communication Candidates (men or 


GRANTS fod SCHOLARSHIPS Applications are invited for a Dis- women) should have a good honours degree of a 


: British university but applications from students 
IMPERIAL COLLEGE OF SCIENCE |] “ers Company Research Studentship, | who expect to graduate in 1961 will also be con- 
AND TECHNOLOGY 


value £450 per annum, plus fees, for sidered , 
: Application forms may be obtained from the 
wo zy to a higher degree o : 
CHEMISTRY DEPARTMENT ork leading to at - degree on Registrar, the College, Keele, Staffs, to whom 
A number of bursaries for research in c 
Chemistry will be available in October, 1961, of of aromatic hydrocarbons May 


Physica the kinetics of the gascous oxidation ympleted forms should be returned not later than 
31, 1961 
about equivalent value to DSLR Research | . 
Studentships Fundamental studies will afford Replics to the Secretary at the || UNIVERSITY OF SOUTHAMPTON 
suitable material for submission for a higher de- above address. DEPARTMENT OF PHYSICS AND 
aree | ELECTRONICS 
Apply. in writing, giving full academic back- p ations a iny for a Research Student- 
ground and the names of two referees. to Profes- ted Kingdom Atomic 
NATIONAL COLLEGE FOR 
mperia obese, ondon 1 t resonance im 
HEATING, VENTII ATING, lagnetic mat ail The research work will 
IMPERIAL COLLEGE OF SCIENCE REFRIGERATION arried out jointly in the Departments of 
an ronics ints 
AND TEC HNOI OGY AND FAN I NGINI I RING nours de i \ wr electronic enginecr- 
NATIONAL COLLEGE ASSOCIATESHIPS a and be ct 1 to submit their work 
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NG SMALL AIR COMPRESSORS 


WITH THREE-AXIS 


UNIVERSAL STAGE VACUUM & LIQUID PUMPS 


| for Scientific Purposes 
M7518 


with M7745 


THE 
MU. 19/26 
PUMPING RATE 
12 LITRES/MIN. 
OIL-FREE AIR 


COMPLETE RANGE 0 TO 40 LITRES/MIN. 
LIQUID PUMPS 0 TO 300 GLLS./HOUR 


COMPRESSORS AND PUMPS FOR SPECIAL PURPOSES 
DEVELOPED TO CUSTOMERS’ REQUIREMENTS 


For Further Information Apply to 


CHARLES AUSTEN PUMPS LTD. 


HIGH ROAD - BYFLEET - SURREY 
TEL.: Byfleet 43314 & 43224 
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A bed for 
‘AGLA’ FLUIDISATION 2 


MICROMETER 
SYRINGE 


precision instrument | 


capable of measuring | 


very small volumes of | 
fluid with an accuracy | 


of 0:00005 mil. 


We wouldn't recommend them as a mattress 
but as a bed for fluidisation AEROX INDUS- 
TRIAL POROUS CERAMICS offer many 
advantages. Amongst these is their ability 
to handle efficiently, powders at elevated 
temperatures ; resistance to abrasive materials; 
even flow distribution ; rigidity for load 
bearings ; inertness to chemical attack ; ease 
of fitting ancillary equipment and low main- 
tenance cost. 


These points are emphasised by our customers 
where they are employed for a variety of 
processes including textile and powder Drying, 
Conveying and Cooling; Discharging of 
Powders from Silos. 


Please write or telephone for literature. 


BURROUGHS WELLCOME & CO. | 


(THE WELLCOME FOUNDATION LTD.) Leaders ina Specialised Field 


LONDON | AEROX LIMITED 


Ceramic Works : Hillington, Glasgow, S.W.2. 

Telephone : HALfway 4615-6 

Engineering Works : Chalford, Stroud, 
Gloucestershire. 

Telephone : Brimscombe 3085-6 
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Potentialities per pound 


Both per £ and per Ib., each 
Serviscope* offers greater 
flexibility, accuracy and reliability 
than any oscilloscope of 
comparable specification. 

A radical reassessment of design 
and production techniques 

has enabled smaller, lighter, 
instruments with many improved 
features to be offered giving a 
far higher performance than 
their low price would suggest. 


Weight: 26 lbs. S| 


D.31 double beam 
Serviscope* 


single beam oscilloscope 
has the same fications 
im 


f all trades > feight: 16 lbs. Price £75. 


ork of Teleco oment Ltd. 


Telequipment Limited, 313 Chase Road, Southgate, London, N.14. Tel: Fox Lane 1166 
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PRICRITY... 


COOKE-McARTHUR MICROSCOPE 


e@ideal for field work and Service conditions 
e@ Can be used in the vibration of an aircraft, a 
destroyer or a moving vehicle 


@ Can be used, with the highest powers with its 
own internal source of light whilst held in 
the hand. 

@ Carried in the pocket or on the belt. 

e@ Sturdy and resistant to corrosion, and in its 
sealed perspex case, be completely submerged 
without harm. It is therefore the ideal 
travelling microscope. 

@Can be used for high power microscopy in- 
conspicuously in a car, bus or train by day or 
night 

@ls about the size, weight and sturdiness of a 
small can of bully beef 


e Yields an image which for perfection 
can equal that of the largest instru- 
ments made. 


England 


Printed in Great Britain by Fister, Knicut & Co., Ltp., The Gainsborough Press, St. Albans, and published by MacmILLAN & Co., Liwrtep, 
at St. Martin's Street, London, W.C.2, and St. Martin's Press, Inc., 175 Fifth Avenue, New York 10, N.Y., U.S A.—Saturday, March 4, 1961. 
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